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CHAPTER  LV 

ALTERNATING  CURRENT  SYSTEMS 


The  facility  with  which  alternating  current  can  be  trans- 
formed from  one  voltage  to  another,  thus  permitting  high 
pressure  transmission  of  electric  energy  to  long  distances  through 
small  wires,  and  low  pressure  distribution  for  the  operation  of 
lighting  systems  and  motors,  gives  a  far  greater  variety  of 
systems  of  transmission  and  distribution  than  is  possible  with 
direct  current. 

Furthermore,  when  the  fact  that  two  phase  current  can  be 
readily  transformed  into  three  phase  current,  and  these  con- 
verted into  direct  current,  and  vice  versa,  by  means  of  rotary 
converters  and  rectifiers,  is  added  to  the  advantages  derived 
by  the  use  of  high  tension  systems,  it  is  apparent  that  the 
opportunity  for  elaboration  becomes  almost  unlimited.  These 
conditions  have  naturally  tended  toward  the  development  of 
a  great  variety  of  systems,  employing  more  or  less  complicated 
circuits  and  apparatus,  and  although  alternating  current  practice 
is  still  much  less  definite  than  direct  current  work,  certain 
polyphase  systems  are  now  being  generally  accepted  as  repre- 
senting the  highest  standards  of  power  generation,  transmission 
and  distribution. 

A  classification  of  the  various  alternating  current  systems, 
co  be  comprehensive,  should  be  made  according  to  several  points 
of  view,  as  follows:  '  Digitized  by  Google 
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1.  With  respect  to  the  arrangement  of  the  circuit,  a* 

a.  Series; 

b.  Parallel; 

c.  Series  parallel; 
</.  Parallel  series. 

2.  With  respect  to  transformation,  as 


3.  With  respect  to  the  mode  of  transmitting  the  energy,  as 

a.  Constant  pressure; 

b.  Constant  current. 

4.  With  respect  to  the  kind  of  current,  at 

a.  Single  phase    {  g5.w£&i 

b.  Monocyclic 

f  *cmr  wire; 

C.  TWO  phase         ^  three  wire; 


d.  Three  phase 


e.  Multi-phase     {  ^°™^n. 


six  wire; 

three  wire; 

four  wire; 

6tar  connection; 

delta  connection; 

6tar  delta  ennnection; 


5.  With  respect  to  transmission  and  distribution,  as 

a.  Frequency  changing; 

b.  Phase  changing; 

c.  Converter; 

d.  Rectifier. 


In  order  to  comprehend  the  relative  advantages  of  the  various 
alternating  current  systems,  it  is  first  necessary  to  understand 
iple  of  vector  summation. 
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Vector  Summation. — This  is  a  simple  geometrical  process 
for  ascertaining  the  pressure  at  the  free  terminals  of  alternating 
current  circuits.    The  following  laws  should  be  carefully  noted: 

1.  //  two  alternating  pressures  which  agre?  in  phase  are  con- 
nected together  in  series,  the  voltage  at  the  free  terminals  of  the 
circuit  will  be  equal  to  their  arithmetical  sum,  as  in  the  case  of 
direct  currents. 


Pic.  2.123. — Vectors.  A  TSCtor  Is  defined  as:  a  line,  conceived  to  hove  both  a  fixed  length  and 
a  fixed  direction  in  space,  but  no  fixed  position.  Thus  A  and  B  are  lines,  each  having  a 
fixed  length,  but  no  fixed  direction.  By  adding  an  arrow  heac  the  direction  is  fixed  and 
the  line  becomes  a  vector,  as  for  example  vector  C.  The  fixed  length  is  usually  taken 
to  represent  a  definite  force,  thus  the  fixed  length  of  vector  C  is  4.7  which  may  be  used 
to  represent  4.7  lbs..  4.7  tons,  etc.,  as  may  be  arbitrarily  assumed. 

When  there  is  phase  difference  between  the  two  alternating 
pressures,  connected  in  series,  the  following  relation  holds: 

2.  The  value  of  the  terminal  voltage  will  differ  from  their 
arithmetical  sum,  depending  on  the  amount  of  their  phase  difference. 

When  there  is  phase  difference,  the  value  of  the  resultant  is  con- 
veniently obtained  as  explained  below. 

Ques.   How  are  vector  diagrams  constructed  for  obtain- 
ing resultant  electric  pressure? 

Ans.    On  the  principle  of  the  parallelogram  of  forces. 
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Ques.  What  is  understood  by  the  parallelogram  of 
forces? 

Ans.  It  is  a  graphical  method  of  finding  the  resultant  of 
two  forces,  according  to  the  following  law:  If  two  forces  acting 
on  a  point  Be  represented  in  direction  and  intensity  by  adjacent 
sides  of  a  parallelogram,  their  resultant  will  be  represented  by  the 
diagonal  of  the  parallelogram  which  passes  through  the  point. 

Thus  in  fig.  2,124,  let  OA  and  OB  represent  the  intensity  and  direction 
of  two  fon^es  acting  at  the  point  O.  Draw  AC  and  BC,  respectively 
parallel  to  OB  and  OA,  completing  the  parallelogram,  then  will  OC, 


Fig.  2,124. — ParallelcKjraxn  of  forces.  OC  is  the  resultant  of  the  two  forces  OA  and  OB.  The 
length  and  direction  of  the  lines  represent  the  intensity  and  direction  of  the  respective 
forces,  the  construction  being  explained  in  the  accompanying  text. 


the  diagonal  from  the  point  at  which  the  forces  act,  represent  the 
intensity  and  direction  of  the  resultant,  that  is,  of  a  force  equivalent 
to  the  combined  action  of  the  forces  OA  and  OB,  these  forces  being 
called  the  components  of  the  force  OC. 

Ques.   Upon  what  does  the  magnitude  of  the  resultant 
of  two  forces  depend? 

Ans.    Upon  the  difference  in  directions  in  which  they  act, 
as  shown  in  figs  2,125  to  2,128. 
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Ques.  Is  the  parallelogram  of  forces  applied  when  the 
difference  in  direction  or  "phase  difference**  of  two  forces 
is  90  degrees? 

Ans.  It  is  sometimes  more  conveniently  done  by  calculation 
according  to  the  law  of  the  right  angle  triangle. 


Figs.  2,12o  to  2,128. — Parallelograms  of  forces  showing  increase  in  magnitude  of  the  resultant 
of  two  forces,  as  their  difference  of  direction,  or  electrically  speaking,  their  phase  differ- 
ence is  diminished.  The  diagrams  show  the  growth  of  the  resultant  of  the  two  equal 
forces  OA  and  OB  as  the  phase  difference  is  reduced  from  106°  successively  to  120,  60, 


According  to  this  principle,  if  two  alternating  pressures  have  a  phase 
difference  of  90  degrees  they  may  be  represented  in  magnitude  and 
direction  by  the  two  sides  of  a  right  angle  triangle  as  OA  and  OB  in 
fig.  2,129;  then  will  the  hypotenuse  AB  represent  the  magnitude  and 
direction  of  the  resultant  pressure.  That  is  to  say,  the  resultant  pressure 


AB=  VOA'+OB*  0> 
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EXAMPLE. — A  two  phase  alternator  is  wound  for  300  volts  on  one 
phase  and  200  volts  on  the  other  phase,  the  phase  difference  being  90°. 
If  one  end  of  each  winding  were  joined  so  as  to  form  a  single  winding 
around  the  armature,  what  would  be  the  resultant  pressure? 

By  calculation,  substituting  the  given  values  in  equation  (1), 

Resultant  pressure  =  V300,-r-2002  =  V130.000 =360.6  volts. 

This  is  easily  done  graphically  as  in  fig.  2,129  by  taking  a  scale,  say, 
1"  =  100  volts  and  laying  off  OA=3"  =  300  volts,  and  at  right  angles 
OB  =2" =200  volts,  then  by  measurement  AB  =3.606" =360.6  volts. 


Pic  2.129.- 


300  VOLTS 

-Method  of  obtaining  the  resultant  of  two  component  pre 


angles  by  solution  of  right  angle  tt 
explained  at  length  in  Guide  No.  5, 


le  triangle. 

1.070. 


ires  acting  at  right 
The  equation  of  the  right  angle  triangle  is 


Ques.  When  the  two  pressures  are  equal  and  the 
phase  difference  is  90°,  is  it  necessary  to  use  equation  (l) 
to  obtain  the  resultant? 

Ans.    No.    The  resultant  is  obtained  by  simply  multiplying 
one  of  the  pressures  by  1.41. 

This  is  evident  from  fig.  2,130.  Here  the  two  pressures  OA  and  OB 
are  equal  as  indicated  bv  the  dotted  arc.  Since  they  act  at  right  angles, 
OB  is  drawn  at  90°  to  OA.  According  to  the  equation  of  the  right  angle 

triangle,  the  resultant  AB  =  Vl2+1*  =  V2  =  1.4142  which  ordinarily 
is  taken  as  1.41. 
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77im  wz/m«  w£tf  always  represent  the  ratio  between  the  magnitude  of  the 
resultant  and  the  two  component  forces,  when  the  latter  are  equal,  and  have  a 
phase  difference  of  90  degrees. 

Forms  of  Circuit. — Alternating  current  systems  of  dis- 
tribution may  be  classed,  with  respect  to  the  kind  of  circuit 
used,  in  a  manner  similar  to  direct  current  systems,  that  is,  they 

8 


UNITY 


O 

acting 


for  obtaining  the  resultant  of  two  equal  component 

may  be  called  series,  parallel,  series  parallel,  or  parallel  series 
systems,  as  shown  in  figs.  2,131  to  2,134. 

Series  Circuits.—  These  are  used  in  arc. lighting,  and  series  in- 
candescent lighting,  a  constant  current  being  maintained  ;  also  fo- 
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constant  current  motors  and  generators  supplying  secondary 
circuits. 

Several  forms  of  constant  current  alternator,  analogous  to 
the  Thompson-Houston  and  Brush  series  arc  dynamos,  have 


D 

Pics.  2,131  to  2,134.- — Various  forms  of  circuit.  These  well  known  forma  of  circuit  are  used 
in  both  alternating  and  direct  current  systems.  The  simple  series  circuit,  fig.  2,131,  is 
suitable  for  constant  current  arc  lighting.  Fig.  2,132.  shows  the  parallel  constant  pressure 
circuit;  this  form  of  circuit  is  largely  used  but  is  seldom  *  on  nee  ted  direct  to  the  alter- 
nator terminals,  but  to  a  step  down  transformer,  on  account  of  the  low  pressure  gener- 
ally required.  Fig.  2,133  illustrates  a  parallel  scries  circuit,  and  2,134,  a  series  parallel 
circuit. 
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been  introduced.  In  the  design  of  such  alternators  self-induction 
and  armature  reaction  are  purposely  exaggerated;  so  that  the 
current  does  not  increase  very  much,  even  when  the  machine 
is  short  circuited.  With  this  provision,  no  regulating  device 
is  required. 


Fig.  2. 135 —Typical  American  overhead  6,600  volt  single  phase  interurban  trolley  line,  Balti- 
more and  Annapolis  short  line,  Annapolis,  Md. 


An  objectionable  feature  is  that  the  voltage  of  a  constant 
current  alternator  will  rise  very  high  if  the  circuit  be  opened, 
because  it  is  then  relieved  of  inductance  drop  and  armature 
reaction. 

To  guard  against  a  dangerous  rise  of  voltage,  a  film  cut  out  or 
equivalent  device  is  connected  to  the  terminal  of  each  machine  so 
that  it  will  short  circuit  the  latter  if  the  voltage  rise  too  high. 
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Ques.  What  advantage  have  constant  current  alter- 
nators over  constant  current  dynamos? 

Ans.  The  high  pressure  current  is  delivered  to  the  external 
circuit  without  a  commutator,  hence  there  is  no  sparking 
difficulty. 

The  above  relates  to  the  revolving  field  type  of  alternator.  There  are, 
however,  alternators  in  which  the  armature  revolves,  the  current  being 
delivered  to  the  external  circuit  through  collector  rings  and  brushes. 
This  type  of  alternator,  it  should  be  noted,  is  for  moderate  pressures, 
and  moreover  there  is  no  interruption  to  the  flow  of  the  current  such  as 
would  be  occasioned  by  a  tangential  brush  on  a  dynamo  in  passing  from 
one  commutator  segment  to  the  next. 

In  the  revolving  held  machine,  though  the  armature  current  be  of  very 
high  pressure,  the  field  current  which  passes  through  the  brushes  and 
slip  rings  is  of  lo^  pressure  and  accordingly  presents  no  transmission 
difficulties. 


VOLTMETER 


AM  PERE5 


ft  "ft 


Pic.  2,136.— Diagram  of  parallel  circuit.  //  is  a  constant  pressure  circuit  and  is  very  widely 
used  for  lighting  and  power:  If  each  lamp  take  aay  H  ampere,  the  current  flowing  ir 
the  circuit  will  vary  with  the  number  of  lamp  in  operation;  in  the  above  circuit  with 
all  larapa  on,  the  current  ia  H  X  5  «  2\i  amperes. 

Ques.   State  a  disadvantage. 

Ans.    Some  source  of  direct  current  for  field  excitation  is 
required. 

Ques.   In  a  constant  current  series  system,  upon  what 
does  the  voltage  at  the  alternator  depend? 

Ans.    The  number  of  devices  connected  in  the  circuit,  the 
volts  required  for  each,  and  the  line  drop.  Djgitized  by  Googl( 
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Parallel  Circuits. — These  are  used  for  constant  pressure 
operation.  Such  arrangement  provides  a  separate  circuit  for 
each  unit  making  them  independent  so  that  they  may  vary  in 
size  and  each  one  can  be  started  or  stopped  without  interfering 
with  the  others.  Parallel  circuits  are  largely  used  for  incan- 
descent lighting,  and  since  low  pressure  current  is  commonly 
used  on  such  circuits  they  are  usually  connected  to  step  down 
transformers,  instead  of  direct  to  the  alternators. 


220  VOLTS 


2  AMPLRE5 


no  VOLTS 

31 


0  VOLTS 


A 


2.137. — Diagram  of  parallel  aeries  circuit,  showing  fall  of  pressure  between  units.  This 
system  is  very  rarely  used;  it  has  the  disadvantage  that  if  a  lamp  filament  break,  the 
resistance  of  the  circuit  is  altered  and  the  strength  of  the  current  changed.  The  volt- 
meter shows  the  fall  of  pressure  along  the  line.  It  should  be  noted  that,  although  the 
meter  across  AB  is  shown  as  registering  zero  pressure,  there  is,  strictly  speaking,  a  slight 
across  AB,  in  amount,  being  that  required  to  overcome  the  resistance  of  the 
A  and  B. 


Parallel  Series  Circuits. — Fig.  2,137  shows  the  arrange- 
ment of  a  parallel  series  circuit  and  the  pressure  conditions  in 
same.  Such  a  circuit  consists  of  groups  of  two  or  more  lamps 
or  other  devices  connected  in  parallel  and  these  groups  con- 
nected in  series. 

Such  a  circuit,  when  used  for  lighting,  obviously  has  the 
disadvantage  that  if  a  lamp  filament  break,  the  resistance  of 
the  group  is  increased,  thus  reducing  the  current  and  decreas- 
ing the  brilliancy  of  the  lamps.  This  arrangement  accordingly 
does  not  admit  of  turning  off  any  of  the  lights. 
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Series  Parallel  Circuits. — The  arrangement  of  circuits  c 
this  kind  is  shown  in  fig.  2,134;  they  are  used  to  economize  in 
copper  since  by  joining  groups  of  low  pressure  lamps  in  series 
they  may  be  supplied  by  current  at  correspondingly  higher 
pressure. 

Thus,  if  in  fig.  2,134,  110  volt,  ^  ampere  lamps  be  used,  the  pressurxj 
on  the  mains,  that  is,  between  any  two  points  as  A  and  B  would  h>e 
110X3=330  volts.  Each  group  would  require  %  ampere  and  ttic 
five  groups  HX5=2^  amperes. 


Pic.  2.138.-44,000  volt  lines  entering  the  Oastonia  sub-stition  of  the  Southern  Power  Co 
The  poles  used  are  of  the  twin  circuit  two  arm  type,  built  of  structural  steel,  their  height 
varying  from  45  to  80  feet,  the  latter  weighing  9.000  pounds  each.    These  poles  have 
their  bases  weighted  with  concrete. 

Transformer  Systems. — Nearly  all  alternating  current 
systems  are  transformer  systems,  since  the  chief  feature  of 
alternating  current  is  the  ease  with  which  it  may  be  transformed 
from  one  pressure  to  another.  Accordingly,  considerable 
economy  in  copper  may  be  effected  by  transmitting  the  current 
at  high  pressure,  especially  if  the  distance  be  great,  and,  by 
means  of  step  down  transformers;  reducing  the  voltage  at  points 
where  the  current  is  used  or  distributed. 
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Ordinarily  and  for  lines  of  moderate  length,  current  is  sent 
ut  direct  from  the  alternator  to  the  line  and  transformed  by 
tep  down  transformers  at  the  points  of  application. 

With  respect  to  the  step  down  transformers,  there  are  two 
arrangements: 

1.  Individual  transformers; 

2.  One  transformer  for  several  customers. 


Pic  2.13?*. — Diagram  of  transformer  system  with  individual  transformers.    The  efficiency  it 
low.  but  such  method  of  distribution  is  necessary  in  sparsely  settled  or  rural  districts. 


Individual  transformers,  that  is,  a  separate  transformer  for 
each  customer  is  necessary  in  rural  districts  where  the  inter- 
vening distances  are  great  as  shown  in  fig.  2,139. 

Ques.  What  are  the  objections  to  this  method  of 
distribution? 

Ans.  It  requires  the  use  of  small  transformers  which  are 
necessarily  less  efficient  and  more  expensive  per  kilowatt  than 
large  transformers.  The  transformer  must  be  built  to  carry, 
within  its  overload  capacity,  all  the  lamps  installed  by  the 
customer,  since  all  may  be  used  occasionally. 
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Usually,  however,  only  a  small  part  of  the  lamps  are  in  use,  and 
those  only  for  a  small  part  of  the  day,  so  that  the  average  load  on  the 
transformer  is  a  very  small  part  of  its  capacity.  Since  the  core  loss 
continues  whether  the  transformer  be  loaded  or  not.  but  is  not  paid 
for  by  the  customer,  the  economy  of  the  arrangement  is  very  low. 

In  the  second  case,  where  one  large  transformer  may  be  placed  at 
a  distribution  center,  to  supply  several  customers,  as  in  fig.  2,140,  the 
efficiency  of  the  system  is  improved. 

Ques.  Why  is  this  arrangement  more  efficient  than 
when  individual  transformers  are  used? 


SINGLE   PHASE  LINE 


HIGH  PRESSURE 


TRANSFORHER 
AT  DISTRIBUTION 


LOW 


PRE5SURE 


ALTERNATOR 


Pic.  2,140. — Diagram  of  transformer  system  with. one  transformer  located  at  a  distribution 
center  and  supplying  several  customers  as  A,  B.  and  C.  Such  arrangement  is  consider- 
ably more  efficient  than  that  shown  in  fig.  2,139,  as  explained  in  the  accompanying  text. 


Ans.  Less  transformer  capacity  is  required  than  with  in- 
dividual transformers. 


Ques.   Why  is  this  ? 

*  •  Ans.  With  several  customers  supplied  from  one  transformer 
it  is  extremely  improbable  that  all  the  customers  will,  burn  all 
their  lamps  at  the  same  time.  It  is  therefore  unnecessary  to 
install  a  transformer  capable  of  operating  the  full  load,  as  is 
necessary  with  individual  transformers. 

Ques.   Does  the  difference  in  transformer  capacity 
represent  ail  the  saving  ? 
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Ans.  No;  one  large  transformer  is  more  efficient  than  a 
imber  of  small  transformers. 

Ques.  Why? 

Ans.    The  core  loss  is  less. 

For  instance,  if  four  customers  having  20  lamps  each  were  supplied 
from  a  single  transformer,  the  average  load  would  be  about  8  lamps, 
and  at  most  not  over  10  or  15  lamps,  and  a  transformer  carrying  30  to 
35  lamps  at  over  load  would  probably  be  sufficient.  A  1,500  watt 
transformer  would  therefore  be  larger  than  necessary.   At  3  per  cent. 


|  LOW  PRESSURE  

*    I    0    V  <> 

Fig.  2,141. — Diagram  illustrating  the  use  of  step  up  and  step  dawn  transformers  on  long  dis- 
tance transmission  lines.  The  saving  in  copper  is  considerable  by  employing  extra  hi«h 
voltages  cm  lines  of  moderate  or  great  length  as  indicated  by  the  relative  sires  of  wire. 

core  loss,  this  gives  a  constant  loss  of  45  watts,  while  the  average  load 
of  8  lamps  for  3  hours  per  day  gives  a  useful  output  of  60  watts,  or  an 
all  year  efficiency  of  nearly  GO  per  cent.,  while  a  1,000  watt  transformer 
would  give  an  all  year  efficiency  of  67  per  cent. 

For  long  distance  transmission  lines,  the  voltage  at  the  alternator 
is  increased  by  passing  the  current  through  a  stef  up  transformer, 
thus  transmitting  it  at  very  high  pressure,  and  reducing  the  voltage 
at  the  points  of  distribution  by  step  down  transformers  as  in  fig.  2,141. 

Ques.    In  practice,  would  such  a  system  as  shown  in 
fig.  2,141  be  used? 

Ans.    If  the  greatest  economy  in  copper  were  aimed  at,  a 
three  phase  system  would  be  used. 
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The  purpose  of  fig.  2,141  is  to  show  the  importance  of  the  trans- 
former in  giving  a  flexibility  of  voltage,  by  which  the  cost  of  the  line  is 
reduced  to  a  minimum. 

Ques.  Does  the  saving  indicated  in  fig.  2,141  represent 
a  net  gain? 

Ans.  No.  The  reduction  in  cost  of  the  transmission  is 
partly  offset  by  the  cost  of  the  transformers  as  well  as  by  trans- 
former losses  and  the  higher  insulation  requirements. 


PlG.  2,142. — Single  and  twin  circuit  poles  (Southern  Power  Co.).  The  twin  circuit  pole  at  the 
right  i*  used  for  1 1.000  volt  circuits,  while  the  single  circuit  poles  at  the  left  carry  44,000 
volt  conductors,  being  used  on  another  division  for  100.000  volt  line. 

Every  case  of  electric  transmission  presents  its  own  problem,  and 
needs  thorough  engineering  study  to  intelligently  choose  the  system  best 
adapted  for  the  particular  case. 

Single  Phase  Systems. — There  are  various  arrangements 
for  transmission  and  distribution  classed  as  single  phase  systems. 
Thus,  single  phase  current  may  be  conveyed  to  the  various 
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receiving  units  by  the  well  known  circuit  arrangements  known  as 
series,  parallel,  series  parallel,  parallel  series,  connections  pre- 
viously described  and  illustrated  in  figs.  2,131  to  2,134. 

Again  single  phase  current  may  be  transmitted  by  two  wires 
and  distributed  by  three  wires.  This  is  done  in  several  ways, 
the  simplest  being  shown  in  fig.  2,143. 
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2,143.— Diagram  illustrating  single  phase  two  wire  transmission  and  three  wire  distribu- 
tion. The  simplified  three  wire  arrangement  at  A.  is  not  permissible  except  in  cases  of 
very  little  unbalancing.  Where  the  difference  between  loads  on  each  side  of  the  neutral 
m^y  be  great  some  form  of  balancing  as  an  auto-transformer  or  equivalent  should  be  used, 
as  at  B. 


Ques.  Under  what  conditions  is  the  arrangement 
shown  in  fig.  2,143  desirable? 

Ans.  This  method  of  treating  the  neutral  wire  is  only  per- 
missible where  there  is  very  little  unbalancing,  that  is,  where 
the  load  is  kept  practically  the  same  on  both  sides  of  the  neutral. 

Ques.  What  advantage  is  obtained  by  three  wire 
distribution? 

Ans.  The  pressure  at  the  alternator  can  be  doubled,  which 
means,  for  a  given  number  of  lamps,  that  the  current  15  reduced 
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Pig.  2,144.-100.000  volt  "Milliken"  towers  with  one  cir- 
cuit strung  (Southern  Power  Co.).  These  towers  are 
mounted  on  metal  stubs  sunk  6  feet  in  the  ground. 
Where  the  angle  of  the  line  is  over  15  degrees,  however, 
these  stubs  are  weighted  with  rock  and  concrete,  and 
where  an  angle  of  over  30  degrees  occurs,  two  and  some- 
times three  towers  are  used  for  making  the  turn.  The 
weight  of  the  standard  "  Milliken "  tower  is  3.080  lbs., 
and  its  height  from  the  ground  to  peak  is  61  feet.  The 
towers  are  spaced  to  average  eight  to  a  mile  and  a  strain 
tower  weighing  4.250  lbs.  is  used  every  mile.  For  par- 
ticularly long  spans  a  special  heavy  tower  weighing  0.000 
lbs.  is  used.  The  circuits  are  transposed  every  30  miles. 
Multiple  disc  insulators  are  used,  four  discs  being  used 
to  suspend  each  conductor  from  standard  towers  and 
ten  discs  to  each  conductor  on  strain  towers.  The 
standard  span  is  600  feet,  sag  11  ft  at  50*  Fahr. 


to  half,  the  permis- 
sible drop  may  be 
doubled,  the  resist- 
ance of  the  wires 
quadrupled,  and  their 
cost  reduced  nearly 
75  per  cent. 

Ques.  What 
modification  of  cir- 
cuit A  (fig.  2,143), 
should  he  made  to 
allow  for  unbalanc- 
ing in  the  three 
wire  circuit? 

Ans.  An  auto- 
transformer  or  "bal- 
ance coil"  as  it  is 
sometimes  called 
should  be  used  as  at  B. 

This  is  a  very  desir- 
able method  of  balanc- 
ing when  the  ratio  of 
transformation  is  not 
too  large. 

Ques.  For  what 
service  would  the 
system  shown  in 
fig.  2,143  he  suit- 
able? 

Ans.  For  short 
distance  transmis- 
sion, as  for  instance,  in, 
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the  case  of  an  isolated  plant  because  of  the  low  pressure  at 

which  the  current  is  generated. 

The  standard  voltages  of  low  pressure  alternators  arc  400,  480,  and 
600  volts. 

Ques.  In  practice  are  single  phase  alternators  used 
as  indicated  in  fig.  2,143? 

Ans.  Alternators  are  wound  for  one,  two  or  three  phases. 
Three  phase  machines  are  more  commonly  supplied  and  in 


Pic.  2.145. — View  of  a  typical  isolated  plant.  The  illustration  represents  an  electric 
lighting  plant  on  a  farm  showing  the  lighting  of  the  dwelling,  barn,  tool  house 
and  pump  house.  The  installation  consists  of  a  low  voltage  dynamo  with  gas  engine 
drive  and  storage  battery  together  with  the  necessary  auxiliary  apparatus. 


many  cases  it  will  pay  to  install  them  in  preference  to  single 
phase,  even  if  they  be  operated  single  phase  temporarily. 

For  a  given  output,  three  phase  machines  are  smaller  than  single  phase 
and  the  single  phase  load  can  usually  be  approximately  balanced  between 
the  three  phases.  Moreover,  if  a  three  phase  machine  be  installed, 
polyphase  current  will  be  available  in  case  it  may  be  necessary  to  operate 
polyphase  motors  at  some  future  time. 

Standard  three  phase  alternators  will  carry  about  70  per  cent,  of 
their  rated  kilowatt  output  when  operated  single  phase,  with  the  same 
temperature  rise. 
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Ques.   How  are  three  phase  alternators  used  for  if* 
phase  circuits? 

Ans.    The  single  phase  circuit  is  connected  to  any  two  ox 
three  phase  terminal  leads.  ^ 

Ques.  What  form  of  single  phase  system  should  be 
used  where  the  transmission  distance  is  considerable?  I 

Ans.  The  current  should  be  transmitted  at  high  pressure, 
a  step  down  transformer  being  placed  at  each  distribu 
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PlG.  2,146. — Diagram  showing  arrangement  of  single  phase  system  for  two  wire  transmission 
and  three  wire  distribution,  where  the  transmission  distance  Is  considerable.  In  order 
to  reduce  the  cost  of  the  transmission  line,  the  current  must  be  transmitted  at  high  pres- 
sure; this  necessitates  the  use  of  a  step  down  transformer  at  the  distributing  center 
as  shown  in  the  illustration. 


center  to  reduce  the  pressure  to  the  proper  voltage  to  suit  the 
service  requirements  as  shown  in  fig.  2,146. 

Thus,  if  110  volt  lamps  be  used  on  the  three  wire  circuit,  the  pressure 
between  the  two  outer  wires  would  be  220  volts.  A  transformation 
ratio  of  say  10:1  would  give  2,220  volts  for  the  primary  circuit.  The 
current  required  for  the  primary  with  this  ratio  being  only  .1  that 
used  in  the  secondary,  a  considerable  saving  is  effected  in  the  cost  of  the 
transmission  line  as  must  be  evident. 

With  the  high  pressure  alternator  only  one  transformation  of  the 
current  is  needed,  as  shown  at  the  distribution  end. 

In  place  of  the  high  pressure  alternator,  a  low  pressure  alternator 
could  be  used  in  connection  with  a  step  up  transformer  as  shown  in 
fig.  2,147,  but  there  would  be  an  extra  loss  due  to  the  additional  trans- 
former, rendering  the  system  less  efficient  than  the  one  shown  in  fig. 
2, 146.  Such  an  arrangement  as  shown  in  the  fig.  2,147  might  be  justified 
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11  the  case  of  a  station  having  a  low  pressure  alternator  already  in  use 
id  it  should  be  desired  to  transmit  a  portion  of  the  energy  a  consider- 
le  distance. 


es.    How  could  the  system  shown  in  fig.  2,147  be 
.de  more  efficient  than  that  of  fig.  2,146. 

Ans.  By  using  a  high  pressure  alternator  in  order  to  con- 
iderably  increase  the  transmission  voltage. 

Thus,  a  2,200  volt  alternator  and  1:10  step  up  transformer  would 
give  a  line  pressure  of  22,000  volts,  which  at  the  distribution  end  could 
be  reduced,  to  220  volts  for  the  three  wire  circuit,  using  a  100:1  step 
down  transformation. 
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Fic.  2.147.— Diagram  illustrating  how  electricit/  can  be  economically  transmitted  a  consid- 
with  low  pressure  alternator  already  in 


Ques.    Would  this  be  the  best  arrangement? 

Ans.  No. 

Ques.    What  system  would   be  used  in  practice  for 
maximum  economy? 

Ans.    Three  phase  four  wire. 

Ques.   What  are  the  objections  to  single  phase  gen- 
eration and  transmission? 

Ans.  It  does  not  permit  of  the  use  of  synchronous  con- 
verters, self-starting  synchronous  motors,  or  induction  motor 
starting  under  load.    It  is  poorly  adapted  to  general  power 
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PlG.  2,148. — Angle  tower  showing  General  Electric 
strain  insulators.  .The  tower  being  subject  to 
great  tortional  strains  is  erected  on  &  massive  con- 
crete foundation.  The  construction  is  similar  to 
the  standard  tower  but  of  heavier  material,  and 
having  the  same  vertical  dimensions  but  with 
1 20  ft.  square. 


distribution,  hence  it  is 
open  to  grave  objections 
of  a  commercial  nature 
where  there  exists  any 
possibility  of  selling  power 
or  in  any  way  utilizing  it 
for  general  converter  and 
motor  work. 

Ques.   For  what  ser- 
vice is  it  desirable? 

Ans.  For  alternating 
current  railway  operation. 

There  are  advantages  of 
simplicity  in  the  entire 
generating,  primary,  and 
secondary  distribution  sys- 
tems for  single  phase  roads. 
These  advantages  are  so 
great  that  they  justify  con- 
siderable expense,  looked 
at  from  the  railway  point 
of  view  only,  the  single 
phase  system  throughout 
may  be  considered  as  offer- 
ing the  most  advantage. 

Ques.  What  are  the 
objectionable  features 
of  single  phase  alter- 
nators? 

Ans.  This  type  of  alter- 
nator has  an  unbalanced 
armature  reaction  which 
is  the  cause  of  consider- 
able flux  variation  in  the 
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leld  pole  tips  and  in  fact  throughout  the  field  struc- 
ture. 

In  order  to  minimize  eddy  currents,  such  alternators  must 
accordingly  be  built  with  thinner  laminations  and  frequently 
poorer  mechanical  construction,  resulting  in  increased  cost  of 
the  machine.  The  large  armature  reaction  results  in  a  much 
poorer  regulation  than  that  obtained  with  three  phase  alter- 
nators, and  an  increased  amount  of  field  copper  is  required,  also 
larger  exciting  units.    These  items  augment  the  cost  so  that 


Pic  2,140. — Elementary  alternator  developing  one  volt  at  frequencies  of  60  and  25.  showing 
the  effect  of  reducing  Che  frequency.  Since  for  the  same  number  of  pole,  the  R. P.M. 
have  to  be  decreased  to  decrease  the  frequency',  increased  flux  is  required  to  dcvdoii  t'u: 
same  voltage.  Hence  in  construction,  low  frequency  machines  require  larger  magnets, 
increased  number  of  turns  in  series  on  ike  armature  coils,  larger  exciting  units  as  compared 
with  machines  built  for  higher  frequency. 

the  single  phase  machine  is  considerably  more  expensive  than 
the  three  phase,  of  the  same  output  and  heating. 

Ques.   What  factor  increases  the  difficulties  of  single 
phase  alternator  construction? 

Ans.    The  difficulties  appear  to  increase  with  a  decrease  in 
frequency. 

The  adoption  of  any  lower  frequency  than  25  cycles  may  result  in 
serious  difficulties  in  construction  for  a  complete  line  of  machine, 
especially  those  of  the  two  or  four  pole  turbine  driven  type  where  the 
field  flux  is  very  large  per  pole. 
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Monocyclic  System. — In  this  system,  which  is  due  to 
Steinmetz,  the  alternator  is  of  a  special  type.  In  construction, 
there  is  a  main  single  phase  winding  an  auxiliary  or  teaser 
winding  connected  to  the  central  point  of  the  main  winding  in 
quadrature  therewith. 

The  teaser  coil  generates  a  voltage  equal  to  about  25  per  cent,  of 
that  of  the  main  coil  so  that  the  pressure  between  the  terminals 
of  the  main  coil  and  the  free  end  of  the  teaser  is  the  resultant 
of  the  pressure  of  the  two  coils. 


Fig.  2,160.— Diagram  of  monocyclic  system,  showing  lighting  and  power  circuits. 


By  various  transformer  connections  it  is  possible  to  obtain  j 
a  practically  correct  three  phase  relationship  so  that  polyphase 
motors  may  be  employed.  ! 

In  this  system,  two  wires  leading  from  the  ends  of  the  single 
phase  winding  in  the  alternator  supply  single  phase  current 
to  the  flighting  load,  a  third  wire  connected  to  the  end  of  the 
teaser  being  run  to  points  where  the  polyphase  motors  are 
installed  as  shown  in  fig.  2,150. 

The  monocyclic  system  is  described  at  length  in  the  chapter 
on  alternators,  Guide  No.  5,  pages,  1,156  to  1,159. 
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Two  Phase  Systems.— A  two  phase  circuit  is  equivalent  to 
two  single  phase  circuits.  Either  four  or  three  wire  may  be 
employed  in  transmitting  two  phase  current,  and  even  in  the 
latter  instance  the  conditions  are  practically  the  same  as  for 
single  phase  transmission,  excepting  the  unequal  current  dis- 
tribution in  the  three  wires.  Fig.  2,151  shows  a  two  phase 
four  wire  system. 


Pic.  2.151. — -Diagram  of  two  phase  four  wire  system.  It  ia  desirable  for  supplying  current 
for  lighting  and  power.  The  arrangement  here  shown  should  be  used  only  for  lines  of 
short  or  moderate  length,  because  ot  the  low  voltage.  Motors  should  be  connected  to  a 
circuit  separate  from  the  lighting  circuit  to  avoid  drop  on  the  latter  while  starting  a 


Ques.  For  what  service  is  the  system  shown  in  fig. 
2,151  desirable? 

Ans.  It  is  adapted  to  supplying  current  for  lighting  and 
power  at  moderate  or  short  distances. 

Either  110  or  220  volts  are  ordinarily  used  which  is  suitable  for 
incandescent  lighting  and  for  constant  pressure  arc  lamps,  the  lamps 

being  connected  singly  or  two  in  pairs. 
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Ques.   Where  current  for  both  power  and  light 
obtained  from  the  same  source  how  should  the  circuits 
be  arranged  ? 

Ans.  A  separate  circuit  should  be  employed  for  each,  in 
order  to  avoid  the  objectionable  drop  and  consequent  duriming 
of  the  lights  due  to  the  sudden  rush  of  current  during  the  starting 
of  a  motor. 


TWO  PMA5t 
LOW  PRtSSURt 
ALTERNATOR 


-o- 

-o 
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TWO  PHASf 
THREE  W«E 
DISTRieimpH 


THREE  WIRE 
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Fig.  2,152. — DiaRram  of  two  phase  three  wire  system.   A  wire  is  connected  to  one  end  of 
each  phase  winding  as  at  A  and  B,  and  a  third  wire  C,  to  the  other  end  of  both  phases 


Disagreeable  fluctuation  of  the  lights  are  always  met  with  when 
motors  are  connected  to  a  lighting  circuit  and  the  effect  is  more  marked 
with  alternating  current  than  with  direct  current,  because  most  types  cf 
alternating  current  motor  require  a  heavy  current  usually  lagging  con- 
siderably when  starting.  This  not  only  causes  a  large  drop  on  the 
line,  but  also  reacts  injuriously  upon  the  regulation  of  transformers 
and  alternators,  their  voltage  falling  much  more  than  with  an  equal 
non-inductive  load. 


Ques.  What  voltages  are  ordinarily  used  on  two  phase 
lines  of  more  than  moderate  length? 

Ans.   For  transmission  distances  of  more  than  two  or.  three 
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miles,  pressures  of  from  1,000  to  2,000  volts  or  more  are  em- 
ployed to  economize  in  copper.  For  long  distance  transmission 
of  over  fifty  miles,  from  30,000  to  100,000  volts  and  over  are  used. 

Ques.  For  long  distance  transmission  at  30,000  to 
40,000  volts,  what  additional  apparatus  is  necessary? 

Ana.    Step  up  and  step  down  transformers. 


100  AMPERES 
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Fig.  2.1  S3. — Diagram  illustrating  two  phase  three  wire  transmission.    The  third  wire  C  is 
to  the  connector  between  one  end  of  phase  A.  and  phase  B  windings. 


Ques.    Explain  the  ttiethod  of  transmitting  two  phase 
current  with  three  wires. 

Ans.  The  connections  at  the  alternator  are  very  simple  as 
shown  in  fig.  2,152.  One  end  of  each  phase  winding  is  connected 
by  the  brushes  a  and  b\  to  one  of  the  circuit  wires,  that  is  to 
A  and  B  respectively.  The  other  end  of  each  phase  winding  is 
connected  by  a  lead  across  brushes  a'  and  b,  to  which  the  third 
wire  C  is  joined. 

The  current  and  nressure  conditions  of  this  system  are  represented 
diagramatically  in  fig.  2,153.  The  letters  correspond  to  those  in  fig. 
2,152,  with  which  it  should  be  compared. 
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As  shown  in  the  figure  each  coil  is  carrying  100  amperes  at  1,000 
volts  pressure.    Since  the  phase  difference  between  the  two  coils  is 

90°,  the  voltage  between  A  and  B  is  V2*>  1.414  times  that  between 
either  A  or  B  and  the  common  return  wire  C. 

The  current  in  C  is  V2  =  1.414  times  that  in  either  outside  wire  A  or 
B,  as  indicated. 

Ques.  How  should  the  load  on  the  two  phase  three 
wire  system  be  distributed? 


Ans.   The  load  on  the  two  phases  must  be  carefully  balanced. 


^  SINGLE  PHASE  MOTORS 

Fig.  2.154 — Diagram  of  two  phase  three  wire  system  and  connections  for  motors  and 
ing  circuits. 


Ques.   Why  should  the  power  factor  be  kept  high? 

Ans.  A  high  power  factor  should  be  maintained  in  order  to 
keep  the  voltage  on  the  phases  nearly  the  same  at  the  receiving 
ends. 

Ques.    How  should  single  phase  motors  be  connected 
and  what  precaution  should  be  taken? 

Ans.   Single  phase  motors  may  be  connected  to  either  or 
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both  phases,  but  in  such  cases,  no  load  should  be  connected 
between  the  outer  wires  otherwise  the  voltages  on  the  different 
phases  will  be  badly  unbalanced. 


Fig.  2,154  shows  a  two  phase  three  wire  system,  with  two  wire  and 
three  wire  distribution  circuits,  illustrating  the  connection  for  lighting 
and  for  one  and  two  phase  motors. 


Pic  2.155. — Diagram  of  two  phase  system  with  four  wire  transmission  and  three  wire  dis- 
tribution. In  the  three  wire  circuits  the  relative  pressures  between  conductors  are  as 
indicated;  that  is,  the  pressure  between  the  two  outer  wires  A  and  B  is  141  volts,  when 
the  pressure  between  each  cuter  wire  and  the  central  is  100  volts. 


Ques.  Describe  another  method  of  transmission  and 
distribution  with  two  phase  current. 

Ans.  The  current  may  be  transmitted  on  a  four  wire  circuit 
and  distributed  on  three  wire  circuit  as  in  fig.  2,155. 

The  four  wire  transmission  circuit  is  evidently  equivalent  to  two 
independent  single  phase  circuits. 

In  changing  from  four  to  three  wires,  it  is  just  as  well  to  connect  the 
two  outside  wires  A  and  B  together  (fig.  2,152),  as  it  is  to  connect  a' 
and  b.  It  makes  no  difference  which  two  secondary  wires  are  joined 
together,  so  long  as  the  other  wires  of  each  transformer  are  connected 
to  the  outside  wires  of  the  secondary  system. 
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Ques.  For  what  service  is  the  two  phase  three  wire 
system  adapted? 

Ans.  It  is  desirable  for  supplying  current  of  minimum 
pressure  to  apparatus  in  the  vicinity  of  transformers.  It  is  more 
frequently  used  in  connection  with  motors  operating  from  the 
secondaries  of  the  transformers. 

Ques.  How  should  the  third  or  common  return  wire 
be  proportioned? 

Ans.  Since  the  current  in  the  common  return  wire  is  41.4  per 
cent,  higher  than  that  in  either  of  the  other  wires  it  must  be  of 
correspondingly  larger  cross  section,  to  keep  .the  loss  equal. 


r  ics.  2.156  and  2.157.— Conventional  diagrams  illustrating  star  and  delta  connected  three  phase 


Ques.  What  is  the  effect  of  an  inductive  load  on  the 
two  phase  three  wire  system  and  why? 

Ans.  It  causes  an  unbalancing  of  both  sides  of  the  system 
even  though  the  energy  load  be  equally  divided.  The  self- 
induction  pressure  in  one  side  of  the  system  is  in  phase  with 
the  virtual  pressure  in  the  other  side,  thus  distorting  the  cur- 
rent distribution  in  both  circuits. 

Ques.   Describe  the  two  phase  five  wire  system. 

Ans.  A  two  phase  circuit  may  be  changed  from  four  to  five 
wires  by  arranging  the  transformer  connections  as  in  fig.  2,158. 

Digitized  6y  Google 


ALTERNATING  CURRENT  SYSTEMS 


1,561 


As  shown,  the  secondaries  of  the  transformers  are  joined  in  series  and 
leads  brought  out  from  the  middle  point  of  each  secondary  winding 
and  at  the  connection  of  the  two  windings,  giving  five  wires. 

With  1,000  volts  in  the  primary  windings  and  a  step  down  ratio  <3f 
10  :  1,  the  pressure  between  A  and  C  and  C  and  E  will  be  100  volts 
and  between  the  points  and  the  connections  B  or  D  at  the  middle  qi 
the  secondary  Cons,  60  volts.  ~,;  J 

The  pressure  across  the  two  outer  wires  A  and  E  is,  as  in  the  three 

wire  system,  \2  or  1.41  times  that  from  either  outer  wire  to  the  mid- 
dle wire  C,  that  is  141  volts. 

The  pressure  across  the  two  wires  connected  to  the  middle  of  the 
coils,  that  is,  across  D  and  D,  is  50 X  V2-70.5  volts. 

TWO  PHASE  FIVE  WIRE  DISTRIBUTION 
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Fit.  2. liS. —Two  phase  four  wire  transmission  and  five  wire  distribution  system.    The  rela- 
tive pressures  between  the  various  conductors  arc  indicated  in  the  diagram. 


Three  Phase  Systems. — There  are  various  ways  of  ar- 
ranging the  circuit  for  three  phase  current  giving  numerous 


three  phase  systems. 

1.  With  respect  to  the  nt 
classified  as 

a.  Six  wire; 

b.  Four  wire; 

c.  Three  wire. 
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2.  With  respect  to  the  connections,  as 

a.  Star; 

b.  Delta; 

c.  Star  delta; 

d.  Delta  star. 

The  six  wire  system  is  shown  in  fig.  2,160.  It  is  equivalent 
to  three  independent  single  phase  circuits.  Such  arrangement 
would  only  be  used  in  very  rare  instances. 


THREE  PHASE  ALTERNATOR 


THREE  PHASE  PHASE  A 


SIX  WIRE  PHASE  B 


TRANSMISSION  PHASE  C 


PK.  2,160. — Three  phase  six  wire  system.   It  is  equivalent  to  three  independent  single  phase 
*  would  be  used  only  in  very  rare 


Ques.  How  can  three  phase  current  be  transmitted 
by  three  conductors? 

Ans.  The  arrangement  shown  in  fig.  2,160  may  be  resolved 
into  three  single  circuits  with  a  common  or  grounded  return. 

When  the  circuits  are  balanced  the  sum  of  the  current  being  zero 
no  current  will  flow  in  the  return  conductor,  and  it  may  be  dispensed 
with,  thus  giving  the  ordinary  star  or  Y  connected  three  wire  circuit, 
as  shown  in  fig.  2,163.  The  transformation  from  six  to  three  wires 
shown  in  figs.  2,161  to  2.163. 
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Figs. 


.  2,161  to  2,1  A3. — Evolution  of  the  three  phase  three  wire  ly stern.  Fig. 
ventioual  diugram  of  the  three  phase  six  wire  system  shown  in  fig.  2.160. 


a  con- 


2.161  is 
A  wire  is  con- 
nected to  both  ends  of  each  phase  winding,  giving  six  conductois,  or  three  independent 
two  wire  circuits.  In  place  of  the  wires  running  from  A,  B,  and  C,  they  may  be  removed 
and  each  circuit  provided  with  a  ground  return  as  shown  in  fig.  2.162 .  The  sum  of  the 
three  currents  being  eero,  or  nearly  zero,  according  to  the  degree  of  unbalancing,  the 
ground  return  may  be  eliminated  and  the  ends  A,  JB ,  and  C  of  the  three  phase  winding 
connected,  as  in  fig.  2,163,  giving  the  so  called  star  Point. 
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Fig.  2,166  is  a  view  of  an  elementary  three  phase  three  wire  star 
connected  alternator. 


Ques.  What  are  the  pressure  and  current  relations 
of  the  star  connected  three  wire  system? 

Ans.    These  are  shown  in  the  diagram,  fig.  2,166  and  2,167 


Figs.  2.164  and  2.165. — Throe  phase  four  wire  star  connected  alternator  and  conventional 
diagram  showing  pressure  and  current  relations. 
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Assuming  100  amperes  and  1.000  volts  in  each  phase  winding,  the 
pressure  between  any  two  conductors  is  equal  to  the  pressure  in  one 

winding  multiplied  by  V3,  that  is  1,000X1.732-1,732  volts. 

The  current  in  each  conductor  is  equal  to  the  current  in  the  wind- 
ing, or  100  amperes. 

Ques.   Describe  the  delta  connection. 

Ans.  In  the  delta  connection,  the  three  phase  coils  are  con- 
nected together  forming  an  endless  winding,  leads  being  brought 
out  from  these  points. 


Fig.  2,168  shows  a  delta  connected  three  phase  alternator,  the  pres- 
sure and  current  relation  being  given  in  fig.  2,169. 


Ques.   What  are  the  pressure  and  current  relations 
of  the  delta  connected  three  wire  system? 

Ans.    They  are  as  shown  in  fig.  2,169. 

Assuming  100  amperes  and  1,000  volts  in  each  phase  winding,  the 

pressure  between  any  two  conductors  is  the  same  as  the  pressure  in 
the  winding,  and  the  current  in  any  conductor  is  equal  to  the  current 

in  the  winding  multiplied  by  V3,  that  is  100  X  1.732  -  173.2  amperes, 
that  is,  disregarding  the  fraction,  173  amperes. 
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Que*.  What  are  the  relative  merits  of  the  star  and 
delta  connections? 

Ans.  The  power  output  of  each  is  the  same,  but  the  star 
connection  gives  a  higher  line  voltage,  hence  smaller  conductors 
may  be  used. 

When  it  is  remembered  that  the  cost  of  copper  conductors  is  inversely 
as  the  square  of  the  voltage,  the  advantage  of  the  Y  connected  system 
can  be  seen  at  once. 

Assuming  that  three  transformers  are  used  for  a  three  phase  system 

TMUtt  PHASE  CURRENT 
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2.170. — T  connection  of  transformers  in  which  three  phase  current  is  transformed  with 
two  transformers.  The  connections  are  clearly  shown  in  the  illustration.  The  voltage 
across  one  transformer  is  only  88.6%  of  that  across  the  other,  so  that  if  each  transformer 
be  designed  especially  for  its  work  one  will  have  a  rating  of  .866EI  and  the  other  £1. 
The  combined  rates  will  then  be  1.866  as  compared  with  1.732  EI  for  three  single  phase 

or  delta. 


of  given  voltage,  each  transformer,  star  connected,  would  be  wound 

for  1  +  V3  =  58%  of  the  given  voltage,  and  for  full  current. 

For  delta  connection,  the  winding  of  each  transformer  is  for  58%  of 
the  current.  Accordingly  the  turns  required  for  star  connection  are 
only  68%  of  those  required  for  delta  connection. 

Ques.   What  is  the  objection  to  the  star  connection 
for  three  phase  work? 

Ans.    It  requires  the  use  of  three  transformers,  and  if  any- 
thing happen  to  one,  the  entire  set  is  disabled. 
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Ques.   Does  this  defect  exist  with  the  delta  connection? 

Ans.  No. 

One  transformer  may  be  cut  out  and  the  other  two  operated  at  full 
capacity,  that  is  at  }  the  capacity  of  the  three. 

Ques.   Describe  the  T  connection. 

Ans*  In  this  method  two  transformers  are  used  for  trans- 
forming three  phase  current.  It  consists  in  connecting  one 
end  of  both  windings  of  one  transformer  to  the  middle  point  of 
like  windings  of  the  other  transformer  as  in  fig.  2,170. 


Fig.  2,171.' — Open  delta  connection  or  method  of  connecting  two  transformers  in  delta  for  three 
phase  transformation.  It  is  used  when  one  of  the  three  single  phase  delta  connected  trans- 
former* becomes  disabled. 

Ques.   What  is  the  open  delta  connection? 

Ans.  It  is  a  method  of  arranging  the  connections  of  a  bank 
of  three  delta  connected  transformers  when  one  becomes  dis- 
abled as  in  fig.  2,171. 

Change  of  Frequency.— There  are  numerous  instances 
where  it  is  desirable  to  change  from  one  frequency  to  another, 
as  for  instance  to  join  two  systems  of  different  frequency  which 
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may  supply  the  same  or  adjacent  territory,  or,  in  the  case  of  a 
low  frequency  installation,  in  order  to  operate  incandescent 
lights  satisfactorily  it  would  be  desirable  to  increase  the  fre- 
quency for  such  circuits.  This  is  done  by  motor  generator  sets, 
the  motor  taking  its  current  from  the  low  frequency  circuit. 

Synchronous  motors  are  generally  used  for  such  service  as 
the  frequency  is  not  disturbed  by  load  changes ;  it  also  makes  it 


Fig.  2,172. — Course  of  the  Schaghticoke-Schenectady  transmission  line  of  the  Schenectady  Powei 
Co.  This  transmission  line  carries  practically  the  entire  output  of  the  Schaghtiooke  power 
house  to  Schenectady,  N.  Y..  a  distance  of  approximately  21  miles.  The  line  consists 
of  two  separate  three  phase,  40  cycle,  32,000  volt  circuits,  each  of  6,000  kw.  normal  capacity. 
These  circuits  start  from  opposite  ends  of  the  power  house,  and,  after  crossing  the  Hoosic 
River,  are  transferred  by  means  of  two  terminal  towers,  fig.  2.173,  to  a  single  fine  of  trans- 
mission towers.  The  two  circuits  are  carried  on  these  on  opposite  ends  ot  the  cross  arms, 
the  three  phases  being  superimposed.  The  power  house  ends  of  the  line  are  held  by  six 
short  quadrangular  steel  lattice  work  anchor  poles  with  their  bases  firmly  embedded  in  con- 
crete, the  cables  being  dead  ended  by  General  Electric  disc  strain  insulators.  This  equipment, 
together  with  the  lightning  arrester  horn  gaps  and  the  heavy  line  outlet  insulators  mounted 
on  the  roof  of  the  power  house,  is  shown  in  fig.  2.174.  While  each  circuit  carries  only 
6,000  kw.  under  normal  conditions,  either  is  capable  of  carrying  the  entire  output  of  the 
station;  in  this  case,  however,  the  line  losses  are  necessarily  augmented.  This  feature 
prevents  any  interruption  of  the  service  from  the  failure  of  one  of  the  circuits.  There  are 
altogether  197  transmission  towers,  comprising  several  distinct  types. 


possible  to  use  the  set  in  the  reverse  order,  that  is,  taking  power 
from  the  high  frequency  mains  and  delivering  energy  at  low 
frequency. 
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Ques.  In  the  parallel  operations  of  frequency  changing 
sets  what  is  necessary  to  secure  equal  division  of  the  load? 

Ans.  The  relative  angular  position  of  the  rotating  elements 
of  motor  and  generator  must  be  the  same  respectively  in  each  set. 


Ones.   How  is  this  obtained? 

Ans.     Because  of  the  mechanical  difficulty  of  accurately 
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locating  the  parts,  the 
equivalent  result  is  se- 
cured by  arranging  the 
stationary  element  in 
one  of  the  two  machines 
so  that  it  can  be  given 
a  small  angular  shift. 


Transformation  of 
Phases.  ■ —  In  alternat- 
ing current  circuits  it  is 
frequently  desirable  to 
change  from  one  num- 
ber of  phases  to  another. 
For  instance,  in  the  case 
of  a  converter,  it  is  less 
expensive  and  more 
efficient  to  use  one  built 
for  six  phases  than  for 
either  two  or  three 
phases. 

The  numerous  con- 
ditions met  with  neces- 
sitate various  phase 
transformations,  as 

1.  Three  phase  to  one 
phase; 

2.  Three  phase  to  two 
phase; 
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3.  Two  phase  to  six  phase; 

4.  Three  phase  to  six  phase. 

These  transformations  are  accomplished  by  the  numerous 
arrangements  and  combinations  of  the  transformers. 


Pic.  2.175. — Three  phase  to  one  phase  transformation  with  two  transformers.    The  diagram 
shows  the  necessary  connections  and  the  relative  pressures  obtained. 

Three  Phase  to  One  Phase.— This  transformation  may  be 
accomplished  by  the  use  of  two  transformers  connected  as  in 
fig.  2,175  in  which  one  end  of  one  primary  winding  is  connected 
to  the  middle  of  the  other  primary  winding  and  the  second  end 
of  the  first  primary  winding  at  a  point  giving  86.6  per  cent,  of 
that  winding  as  shown.  The  two  secondary  windings  are  joined 
in  series. 

Three  Phase  to  Two  Phase. — The  three  phase  system  is 
universally  used  for  long  distance  transmission,  because  it 
squires  less  copper  than  either  the  single  or  two  phase  systems. 
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For  distribution,  however,  the  two  phase  system  presents 
certain  advantages,  thus,  it  becomes  desirable  at  the  distribution 
centers  to  change  from  three  phase  to  two  phase.  This  may  be 
done  in  several  ways. 

Ques.   Describe  the  Scott  connection. 

Ans.    Two  transformers  are  used,  one  having  a  10:1  ratio, 


1.000 


r— 500  »p  300  


B 


866 


I  T 


100- 


100 


Pig.  2.176.— The  Scott  connection  for  transforming  from  three  phase  to  two  phase.  In  this 
method  one  of  the  primary  wires  B  of  the  .860ratio  transformer  is  connected  to  the  middle 
of  the  other  primary  as  at  C,  the  ends  of  which  are  connected  to  two  of  the  three  phase 
wires.  The  other  phase  wire  is  connected  at  D,  the  point  giving  the  .800  ratio.  The 
secondary  wires  are  connected  as  shown. 

Mid  the  other,  a  5V3  :  1.  that  is,  an  8.66  :  1  ratio.  The  con- 
nections are  arranged  as  in  fig.  2,176. 

It  is  customary  to  employ  standard  transformers  having  the  ratios 
10  :  1,  and  9  :  1. 

Ques.   What  names  are  given  to  the  two  transformers? 

Ans.  The  one  having  the  10  : 1  ratio  is  called  the  main 
ransformer,  and  the  other  with  the  8.66  : 1  ratio,  the  teaser 
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In  construction,  the  transformers  may  be  made  exactly  alike  so  that 
either  mav  be  used  as  main  or  teaser. 

In  order  that  the  connections  may  be  properly  and  conveniently 
made,  the  primary  windings  should  be  provided  with  50%  and  86.6% 
taps. 


PlC.  2,177.— Three  phase  to  two  phase  transformation  with  three  star  connected  transformers. 
Two  of  the  secondary  windings  are  tapped  at  points  corresponding  to  57.7%  of  full  voltage; 
these  two  windings  are  connected  in  series  to  form  one  secondary  phase  of  voltage  equal 
to  that  obtained  by  the  other  full  secondary  winding. 


Ques.    Describe  another  way  of   transforming  from 
three  to  two  phases. 

Ans.    The  transformation  may  be  made  by  three  star  con- 
nected transformers,  proportioning  the  windings  as  in  fig.  2,177, 
from  which  it  will  be  seen  that  two  of  the  secondary  windings 
are  tapped  at  points  corresponding  to  57.7  per  cent,  of  full 
'oltage. 
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Three  Phase  to  Six  Phase.— This  transformation  is  usually 
made  for  use  with  rotary  converters  and  may  be  accomplished 
in  several  ways.  As  these  methods  have  been  illustrated  in 
the  chapter  on  Converters  (page  1,462),  it  is  unnecessary  to 
again  discuss  them  here.  Fig.  2,178,  below  shows  the  dia- 
metrical connection  for  transforming  three  phase  to  six  phase. 


Pig.  2.178. — Diagram  of  diametrical  connection,  three  phase  to  six  phase.  It  Is  obtained 
by  bringing  both  ends  of  each  secondary  winding  to  opposite  Points  on  the  rotary  converter 
vtnding,  utilizing  the  converter  winding  to  give  the  six  phases.  This  transformation 
of  phases  may  also  be  obtained  with  transformers  having  two  secondary  windings. 


*  Alternating  Current  Systems. — The  saving  in  the  cost 
of  transmission  obtained  by  using  alternating  instead  of  direct 
current  is  not  due  to  any  difference  in  the  characteristics  of  the 
currents  themselves,  but  to  the  fact  that  in  the  case  of  alter- 
nating current  very  high  pressures  may  be  employed,  thus 
permitting  a  given  amount  of  energy  to  be  transmitted  with  a 
relatively  small  current. 
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In  the  case  of  direct  current  systems,  commutator  troubles 
limit  the  transmission  pressure  to  about  1,000  volts,  whereas 
with  alternating  current  it  may  be  commercially  generated  at 
pressures  up  to  about  13,000  and  by  means  of  step  up  trans- 
formers, transmitted  at  110,000  volts  or  more. 


Fic.  2.179- — End  ot  Schaghticoke-Scbenectady  transmission  line  at  Schenectady;  view  showing 
entrance  bushings  and  Lightning  arrester  horn  gaps. 


Relative  Weights  of  Copper  Required  by  Polyphase 
Systems. — A  comparison  between  the  weights  of  copper  re- 
quired by  the  different  alternating  current  systems  is  rendered 
quite  difficult  by  the  fact  that  the  voltage  ordinarily  measured 
is  not  the  maximum  voltage,  and  as  the  insulation  has  to  with- 
stand the  strain  of  the  maximum  voltage,  the  relative  value  of 
copper  obtained  by  calculation  depends  upon  the  basis  of  com- 
parison adooted. 
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As  a  general  rule,  the  highest  voltage  practicable  is  used  for 
long  distance  transmission,  and  a  lower  voltage  for  local  dis- 
tribution. Furthermore,  some  polyphase  systems  give  a  mul- 
tiplicity of  voltages,  and  the  question  arises  as  to  which  of  these 
voltages  shall  be  considered  the  transmission  voltage. 

If  the  transmission  voltage  be  taken  to  represent  that  of  the 
distribution  circuit,  and  the  polyphase  system  has  as  many 
independent  circuits  as  there  are  phases,  the  system  would 
represent  a  group  of  several  single  phase  systems,  and  there 


TOTAL  DROP 

RESISTANCE  .05  OHM  100  VOLTS 

COPPER  -  WOO 


r 


PlC  2.180. — Single  chase  line,  used  as  bans  of  comparison  in  obtaining  the  relative  weights  of 
copper  requirea  by  polyphase  systems,  as  indicated  in  figs.  2,181  to  2,18$. 

would  be  no  saving  of  copper.  Under  these  conditions,  if  the 
voltage  at  the  distant  end  be  taken  as  the  transmission  voltage, 
and  the  copper  required  by  a  single  phase  two  wire  system  as 
shown  in  fig.  2,180,  be  taken  as  the  basis  of  comparison,  the 
relative  weights  of  copper  required  by  the  various  polyphase 
systems  is  given  in  figs.  2,181  to  2,188. 

In  the  case  represented  in  fig.  2,180,  if  the  total  drop  on  the 
line  be  100  volts,  the  generated  voltage  must  be  1,100  volts, 
and  the  resistance  of  each  line  must  be  50  -5-  1,000  =  .  05  ohms. 
Calculated  on  this  basis,  a  two  phase  four  wire  system  is  equiv- 
alent to  two  single  phase  systems  and  gives  no  economy  of  copper 
in  power  transmission  over  the  ordinary  single  phase  two  wire 
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TWO  PHASE 
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THREE  WIRE 
STAR  CONNECTED 
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750 


THREE  PHASE 
FOUR  WIRE 
STAR  CONNECTED 


4*  WIRE  FULL  SECTION 


333 


TH3EE  PMA5E 
FOUR  WIRE  - 
STAR  CONNECTED 


4*  WlRt  ONE  HALF  SECTION 


291.7 


Pics.  2.181  to  2,188. — Circuit  diagrams  showing  relative  copper  economy  of  various  alternating 
current  system*. 
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system.  This  is  the  case  also  with  any  of  the  other  two  phase 
systems,  except  the  two  phase  three  wire  system. 

In  this  system  two  of  the  four  wires  of  the  four  wire  two  phase  sys- 
tem are  replaced  by  one  of  full  cross  section. 

The  amount  of  copper  required,  when  compared  with  the  single 
phase  system,  will  differ  considerably  according  as  the  comparison  is 
based  on  the  highest  voltage  permissible  for  any  given  distribution, 
or  on  the  minimum  voltage  for  low  pressure  service. 


Tk.  2.180. — Twin  circuit  "acrmotor"  towers  carryinK  44,000  volt  conductors  (Southern 
Power  Co.).  These  towers  vary  in  height  from  35  to  54)  fevt,  and  the  circuits  are  trans- 
posed every  10  miles.  The  towers  are  assembled  on  the  ground  and  erected  by  iue<uis  ui 
gin  poles.  They  are  normally  spaced  500  feet  apart  with  a  sag  of  5  feet  8  inches.  The 
minimum  distance  between  towers  is  300  feet  and  the  maximum  700  feet. 

If  E  be  the  greatest  voltage  that  can  be  used  on  account  of  the  insu- 
lation strain,  or  for  any  other  reason,  the  pressure  between  the  other 
conductors  of  the  two  phase  three  wire  system  must  be  reduced  to 

V2. 

The  weight  of  copper  required  under  this  condition  is  145.7%  that  . 
of  the  single  phase  copper. 

On  the  basis  of  minimum  voltage,  the  relative  amount  of  copper 
required  is  72.9%  tha\  of  the  single  phase  system. 
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Figs.  2,187  and  2,188  are  two  examples  of  three  phase  four  wire  sys- 
tems. The  relative  amount  of  copper  required  as  compared  with  the 
single  phase  system  depends  on  the  cross  section  of  the  fourth  wire. 
The  arrangement  shown  in  fig.  2,188,  where  the  fourth  wire  is  only 
half  size,  is  used  only  for  secondary  distribution  systems. 


Choice  of  Voltage. — In  order  to  properly  determine  the 
voltage  for  a  transmission  system  there  are  a  number  of 
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conditions  which  must  be  considered  in  order  that  the  economy 
of  the  entire  installation  shall  be  a  maximum. 

The  nature  of  the  diversely  various  factors  which  affect  the 
problem  makes  a  mathematical  expression  difficult  and  unsat- 
isfactory. 

Ques.  What  is  the  relation  between  the  cross  sec- 
tional area  of  the  conductors  and  the  voltage? 

Ans.  For  a  given  circuit,  the  cross  sectional  area  of  the 
conductors,  or  weight  varies  inversely  as  the  voltage. 


?rc.  2.192. — General  Electric  standard  tower  tinder  construction. 


Ques.  Would  the  highest  possible  voltage  then  be  used 
for  a  transmission  line? 

Ans.  The  most  economical  voltage  depends  on  the  length 
of  the  line  and  the  cost  of  apparatus. 

For  instance,  alternators,  transformers,  insulation  and  circuit  control 
and  lightning  protection  devices  become  expensive  when  manufac- 
tured for  very  high  pressures.  Hence  if  a  very  high  pressure  were  used, 
it  would  involve  tnat  the  transmission  distance  be  great  enough  so 
that  the  extra  cost  of  the  high  pressure  apparatus  would  be  offset  by 
the  saving  in  copper  effected  by  using  the  high  pressure. 
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In  the  case  of  the  longest  lines,  from  about  100  miles  up,  the  saving 
in  copper  with  the  highest  practicable  voltage  is  so  great  that  the 
increase  in  other  expenses  is  rendered  comparatively  small. 

In  the  shorter  lines  as  those  ranging  in  length  from  about  one  mile 
to  50  or  75  miles,  the  most  suitable  voltage  must  be  determined  in 
each  individual  case  by  a  careful  consideration  of  all  the  conditions 
involved.  No  fixed  rule  can  be  established  for  proper  voltage  based 
on  the  length,  but  the  following  table  will  serve  as  a  guide: 


PlG.  2,193. — Line  of  the  Schenectady  Power  Company  crossing  the  tracks  of  the  Boston  and 
Maine  Railroad  near  Schaghticoke. 


Usual  Transmission  Voltages 


Length  of  line 

Voltage 

in  miles 

 1  

1 

500  to  1,000 

1  to  2 

1,000  to  2,300 

2  to  3 

2,300  to  6,600 

3  to  10 

6,600  to  13,200 

10  to  15 

13,200  to  22,000 

15  to  20 

22,000  to  44.000 

20  to  40 

44,000  to  66,000 

40  o  60 

66,000  to  88,000 

60  to  100 

88,000  to  110,000 
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Ques.  What  are  the  standard  voltages  for  alternating 
current  transmission  circuits? 

Ans.    6,600,  11,000,  22,000,  33,000,  44,000,  66,000,  88,000. 

m  The  amount  of  power  to  be  transmitted  determines,  in  a  measure,  the 
limit  of  line  voltage.  If  the  most  economical  voltage  considered  from 
the  point  of  view  of  the  line  alone,  be  somewhere  in  excess  of  13,200, 
step  up  transformers  must  be  employed,  since  the  highest  voltage  for 


Fig.  2.1M. — View  of  a  three  phase,  2.300  volt,  60  cycle  line  at  Chary,  N.  Y.  The  current  is 
transmitted  at  the  alternator  voltage  2K  miles  over  the  single  circuit  pole  line.  The 
poles  are  of  cedar  with  fir  cross  arms,  and  are  fitted  with  pin  insulators.  They  are  from 
M  to  40  feet  high  and  are  spaced  at  an  average  of  about  120  feet.  The  conductors  are 
bare  copper  wire  No.  00  B.  sf  S.  The  alternators  consist  of  one  60  lew.,  and  one  100  kw. 
General  Electric  machines. 


which  standard  alternators  are  manufactured  is  13,200.  In  a  given  case, 
the  saving  in  conductor  by  using  the  higher  voltage  may  be  more  than 
offset  by  the  increased  cost  of  transformers,  and  the  question  must  be 
determined  for  each  case. 

Ques.    What  are  the  standard  transformer  ratios? 
Ans.    Multiples  of  5  or  10. 
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Mixed  Current  Systems. — It  is  often  desirable  to  transmit 
electrical  energy  in  the  form  of  alternating  current,  and  dis- 
tribute it  as  direct  current  or  vice  versa. 

Such  systems  may  be  classed  as  mixed  current  systems.  The 
usual  conversion  is  from  alternating  current  to  direct  current 
because  of  the  saving  in  copper  secured  by  the  use  of  alter- 
nating current  in  transmission,  especially  in  the  case  of  long 


p,^  2  198  Example  of  converter  sub-station,  showing  the  Brooklyn  Edison  Co.  Madison 

sub-station.  The  transformers  are  seen  on  the  left,  the  converter  shown  at  the  riRht  is  a 
Westinchouse  synchronous  booster  rotary  converter,  consisting  of  a  standard  rotary  con- 
verter ui  combination  with  a  revolving  armature  alternator  mounted  on  the  same  shatt 
with  the  converter  and  having  the  same  number  of  pole.  The  function  of  the  machine 
is  to  convert  and  regulate  the  pressure.  By  varying  the  field  excitation  of  the  alternator, 
the  \  C  voltage  impressed  on  the  rotary  converter  proper  can  be  increased  or  decreased  as 
desired-  Thus,  the  D.C  voltage  delivered  by  the  converter  is  varied  accordingly.  _  This 
tvoe  of  converter  is  well  adapted  for  any  application  for  which  a  relatively  wide  variation, 
either  automatic  or  non-automatic,  in  direct  current  voltage  is  necessary.  Also  especially 
for  serving  incandescent  lighting  systems  where  considerable  voltaga  variation  is  required 
for  the  compensation  of  drop  in  long  feeders,  for  operation  in  parallel  with  storage  batten  ea 
and  for  electrolytic  work  where  extreme  variations  in  voltage  ars  required  by  changes  in 
the  resistance  of  the  electrolytic  cells. 


distance  lines.  Such  conversion  involves  the  use  of  a  rotary 
converter,  motor  generator  set,  or  rectifier,  according  to  the 
conditions  of  service. 
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The  suburban  trolley  forms  a  good  example  of  a  mixed  system, 
in  which  alternating  current  is  generated  at  the  central  station 
and  transmitted  to  substations,  where  it  is  transformed  to  low 
pressure,  and  converted  into  direct  current  for  use  on  the  line. 
Fig.  2,195  shows  the  interior  of  a  sub-station  of  this  kind. 

Ques.  What  direct  current  pressure  is  usually  em- 
ployed on  traction  lines? 

Ans.    500  volts. 

Ques.  Mention  another  important  service  performed 
by  a  mixed  system. 

Ans.  If  the  generator  furnish  alternating  current  it  must  be 
converted  into  direct  current  in  order  to  charge  storage  batteries. 
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CHAPTER  LVI 

AUXILIARY  APPARATUS 


For  the  proper  control  of  the  alternating  current  in  any  of 
the  numerous  systems  described  in  the  previous  chapter,  various 
devices,  which  might  be  classed  as  "auxiliary  apparatus/'  are 
required.  These  may  be  grouped  into  several  divisions, 
according  to  the  nature  of  the  duty  which  they  perform,  as 

1.  Switching  devices; 

a.  Ordinary  switches; 

b.  Oil  break  switches; 

c.  Remote  control  switches. 


2.  Current  or  pressure  limiting  devices; 

a.  Puses; 

b.  Reactances; 

c.  Circuit  breakers; 

d.  Relays. 

3.  Lightning  protection  devices; 

a.  Air  gap  arresters; 

b.  Multi-gap  arresters; " 

c.  Horn  gap  arresters; 

d.  Electrolytic  arresters; 

e.  Vacuum  tube  arresters; 
/.  Choke  coils  ; 

g.  "Static"  interrupters. 
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4.  Regulating  devices; 

a.  Induction  voltage  regulators; 

b.  Variable  ratio  transformer  regulators  {  ifSt^'' 

c.  Compensation  shunts; 

d.  Pole  type  regulators; 

e.  Small  feeder  voltage  regulators; 
/.  Automatic  voltage  regulators; 

g.  Line  drop  compensators; 

h.  Starting  compensators; 
*.  Star  delta  switches. 

5.  Power  factor  regulating  devices; 

a.  Condensers; 

b.  Synchronous  condensers. 

6.  Indicating  devices; 

a.  Moving  iron  instruments 


plunger  type; 
inclined  coil  type; 
magnetic  vane  type; 


b.  Hot  wire  instruments; 

c.  Induction  instruments  {^^«^« 

d.  Dynamometers; 

e.  Instrument  transformers; 


I commutator  type; 
induction  type; 
Faraday  disc  type; 

f  synchronous  motor  type; 

g.  Frequency  indicators  \  resonance  type; 

I  induction  type; 

h.  Synchronism  indicators 


lamp  type; 
voltmeter  type; 
resonance  type; 
rotating  field  type; 


t.  Power  factor  indicators  {  ^S^eldlype; 

j.  Ground  detectors; 

k.  Earth  leakage  cut  outs; 

/.  Oscillographs. 
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CHAPTER  LVII 

SWITCHING  DEVICES 


A  switch  is  a  piece  of  apparatus  /or  making,  breaking,  or  chang- 
ing the  connections  in  an  electric  circuit. 

The  particular  form  and  construction  of  any  switch  is  governed 
by  the  electrical  conditions  under  which  it  must  operate. 

Since  the  electric  current  cannot  be  stopped  instantly  when 
the  circuit  in  which  it  is  flowing,  is  broken,  an  arc  is  formed  as 
the  switch  contacts  separate;  this  tends  to  burn  the  contacts, 
and  to  short  circuit,  the  severity  of  such  action  depending  on 
the  voltage  and  the  proximity  of  the  switch  terminals.  Ac- 
cordingly in  switch  design,  provision  must  be  made  to  counteract 
these  tendencies.  Thus, 

1.  The  contacts  should  separate  along  their  entire  length, 
rather  than  at  a  point; 

2.  The  terminals  should  be  far  enough  apart  and  properly 
protected  to  prevent  short  circuiting  of  the  arcs; 

3.  The  break  should  be  quick; 

4.  The  gap  should  be  surrounded  by  the  proper  medium  (air 
or  oil)  to  meet  the  requirements  of  the  electrical  conditions. 

A  great  variety  of  switches  have  been  introduced  to  suit  the 
different  requirements.  Knife  switches  are  used  for  low  pressure 
service,  the  multiple  break  form  being  used  where  it  is  desired 
to  reduce  the  arcing  distance. 
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Ques.  How  should 
single  throw  switches 
be  installed? 

Ans.  They  should  open 
downward  so  gravity  will 
keep  them  open. 


2.199  and  2.200. — General 
Electric   triple   pole  solenoid 
operated,  single  throw  remote 
control  switch,  and  push  but- 
ton switch  for  operating  same. 
Switch  is  a  self-contained  unit 
with    two   sets  of  contacts, 
main  laminated  copper  brushes, 
and  carbon  auxiliary  contacts 
to  take  the  arc  on  breaking 
the  circuit.  The  main  brushes 
are  so  made  that  each  lamin- 
ation makes  an  end  on  contact 
with  the  switch  blade  without 
any  tendency  to  force  the  lam- 
inations apart.   A  wiping  effect , 
given  to  the  contacts  every 
time  the  switch  is  closed,  keeps 
the  contact  surfaces  clean  and 
insures  good   contact   at  all 
times.    The  carbon  auxiliary 
contacts  are  made  of  blocks  of 
carbon  fastened  withou  t  screws. 
In  operation,  the  switch  is 
actuated    by   a   double  coil 
solenoid,  one  coil  for  closing 
and  one  for  opening,  controlled 
by    the   single   pole  double 
throw    push    button  switch 
shown  in  fig.  2,200,  which  is 
normally  in  the  open  position 
and  remains  closed  only  when 
held  by  the  operator.    One  of 
these  switches  is  furnished  with 
each  control  switch  and  must 
always  be  used,  as  the  solenoid 
coils  are  not  intended  for  con- 
tinuous service.     The  power 
required  to  operate  the  rc«note 
control  switch  is  small,  being 
approximately  1.6  amperes  at 
110  volts.  0.81  amperes  at  220 
volts  direct  current,  and  10 
amperes  at  110  volts,  and  6 
amperes  at  220  volts  alternat- 
ing current  60  cycles.  The 
main  switch  can  be  closed  and 
opened  by  hand,  and  the  push 
button  located  at  any  point. 
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Ques.  How  should  double  throw  switches  be  installed  ? 
Ans.  Horizontally. 


^1GS  2.201  and  2,202. — Palmer  servioe  switch  and  fuse  box.  for  either  plug,  cartridge  or 
opes  link  fuses.  Fig.  2.201  illustrates  the  box  in  open  position  for  the  inspection  offuses, 
etc  The  cover  is  held  open  by  a  simple  lock  so  that  the  switch  cannot  fall  closed  by 
gravity,  the  box  may  be  mounted  so  that  the  service  wires  lead  directly  into  a  sealed 
terminal  chamber  from  an/  direction,  and  all  current  carrying  parts  made  accessible  by 
the  opening  of  the  switch  are  dead.  Pig.  2^202  illustrates  the  device  with  side  of  box 
and  cover  cut  away  to  show  interior  and  th  *  normally  sealed  cover  of  terminal  chamber 
removed.  The  switch  contacts  do  not  enter  their  contact  clips  until  the  flanged  cove*" 
of  the  box  has  closed  the  switch  opening,  no  current  connections  bring  made  to  line  ot 
load  until  the  box  is  completely  closed,  and  in  consequence  there  is  no  opportunity  to 
make  improper  connections  to  any  live  parts  of  switch,  when  conduit  connections  are 
used  to  the  service  and  meter  wires. 


Ques.    What  is  a  plug  switch? 

Ans.  A  switch  in  which  the  current  is  ruptured  in  a  tube 
enclosed  at  one  end,  thereby  confining  the  arc  and  limiting  the 
supply  of  air. 

They  are  used  on  high  pressure  circuits  of  from  10,000  to  20,000  volts, 
for  transferring  live  circuits  and  for  voltmeter  and  synchronizing 
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circuits  where  there  is  very  little  energy.  The  usual  current  capacity  is 
from  4  to  7^  amperes. 


Pig.  2,203  and  2,204. — Bus  transfer  plug  switch.  The  method  of  supporting  the  contact 
farthest  from  the  panel  consists  of  a  porcelain  pillar  of  the  same  height  as  the  receptacle, 
clamped  to  a  brass  connecting  or  bus  bar  which  in  turn  is  fastened  to  the  receptacle. 


Forms  of  Break. — On  high  pressure  circuits  there  are  several 
types  of  switch:  they  are  classified  with  respect  to  the  break, 
that  is  to  say,  according  as  the  break  takes  place, 


TERMINAL 

SPR»N6  | 
CONTACT 


BRASS 
CONTACT. 
NUTS 


PORCELAIN 
WASHER 

Fig.  2,205. — Ammeter  jack.  This  plug  switch  is  insulated  for  high  pressure  and  consists  of 
two  parts:  the  ammeter  jack,  ana  the  ammeter  jack  plug,  cable,  and  bushing.  The  receptacle, 
which  is  simple  in  construction,  consists  of  a  brass  bushing  well  insulated  from  the  panel 
and  protected  on  the  front  of  the  panel  by  a  porcelain  bushing.  On  the  end  of  this  tube 
and  insulated  from  it,  is  a  phosphor  bronze  spring  which,  when  the  plug  is  out,  rests  on  the 
brass  tube  and  keeps  the  circuit  closed.  The  plug  consists  of  a  brass  rod  well  insulated  and 
set  in  a  brass  tube,  both  being  fastened  in  a  handle  which  is  stained  black  and  polished. 
Inside  the  handle  is  run  a  twin  conductor  cable,  one  side  being  soldered  in  the  brass  tube 
and  the  other  to  the  brass  rod.  The  other  end  of  the  cable  is  run  through  a  bushing  set  in 
the  panel  and  thence  to  the  ammeter  or  current  transformer.  Where  it  is  desired  to  remove 
the  plug  and  cable  from  the  board,  or  to  plug  both  ends  of  the  cable  in  different  recepta- 
cles, a  plug  instead  of  a  bushing  should  be  used.  In  this  case  a  cable  should  be  provided 
with  a  plug  on  each  end. 
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L  In  open  air; 

2.  In  an  enclosed  air  space; 

3.  Aided  by  a  metal  fuse; 

4.  Aided  by  a  horn ; 

5.  In  oil. 


Pic  2.206. — Westinghouse  fused  starting  switch  for  squirrel  cage  motors.  It  is  arranged  tor 
National  Electric  Code  fuses  on  one  end  only  ana  has  springs  on  the  other  end  to  open 
the  switch  automatically  if  left  closed  at  this  end.  The  corresponding  terminals  at  both 
ends  of  the  switch  are  connected  in  grooves  in  the  back  of  the  slate  base  so  that  the 
wiring  need  be  connected  to  one  set  of  these  terminals  only,  thus  decreasing  the  number 
of  connections  necessary,  as  shown  in  fig.  2,207.  In  starting  an  induction  motor,  the 
switch  is  thrown  to  the  end  that  is  not  fused  and  held  there  until  the  motor  is  up  to 
running  speed;  then  it  is  quickly  thrown  to  the  fused  position,  thus  protecting  the  cir- 
cuit under  running  conditions. 

TO  MOTOR 


BUSES  IN  REAR 
OF  SWITCH 


RUNNING 
SIDE 


TO  LINE 


STARTING  SIDE 


Pic.  2,207.— Diagram  of  connections  of  Westinghouse  fused  starting  switch  for  squirrel  cage 
motors.  The  starting  current  of  induction  motors  is  several  times  the  normal  running 
current  and,  when  the  controlling  switch  is  fused  to  carry  the  running  load  only,  the 
fuses  are  apt  to  blow  when  the  motor  is  started.  The  fuses  must  be  of  a  capacity  to 
prevent  overloads  under  running  conditions.  These  switches  arc  designed  to  meet  this 
difficulty  and  are  used  without  auto-starters  to  control  motors  up  to  5  horse  power  rating. 
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Ques.   What  is  the  objection  to  open  air  break? 

Ans.  The  relatively  long  gap  required  to  extinguish  the  arc, 
limiting  this  form  of  switch  to  low  or  moderate  pressure  circuits. 

The  open  air  arc  may  cause  very  high  voltage  oscillations  when  the 
circuit  contains  inductance  and  capacity  unless  the  break  occur  at 
zero  value. 


Fig.  2,208.— Westinghouse  single  pole  disconnecting  switch.  Disconnecting  switches  are  used 
primarily  for  isolating  apparatus  from  the  circuit  for  purposes  of  inspection  and  repair; 
also  for  sectionalizing  feeders.  They  are  not  designed  for  opening  under  load,  and  there- 
fore no  attempt  should  be  made  to  open  them  with  current  in  the  circuit.  In  connection 
with  lightning  arrester  installations,  disconnecting  switches  are  particularly  useful,  pro- 
viding a  simple  and  effective  means  for  isolating  the  arresters  while  cleaning  ana  in- 
specting. The  switch  is  opened  and  closed  with  a  hook  on  the  end  of  a  wooden  pole, 
which  hook  engages  in  a  hole  provided  in  the  switch  blade.  This  type  of  disconnecting 
switch  is  intended  for  wall  mounting.  The  live  parts  are  mounted  on  porcelain  insula- 
tors carried  on  a  cast  iron  yoke  or  base,  forming  a  simple  and  substantial  construction. 


Ques.   What  are  disconnecting  switches? 

Ans.  Knife  switches  in  series  with  other  switches  so  that  the 
apparatus  controlled  by  the  latter  may  be  repaired  in  safety 
by  entirely  disconnecting  it  from  the  bus  bars  or  live  circuit. 

Such  switches  are  not  intended  to  rupture  the  load  current 
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Figs.  2.209  and  2,210. — Westinghousc  disconnecting  switches  for  pressures  over  3.300  volts 


} 


2.211  and  2.212. — Westinghouse  selector  type  disconnecting  switch.  Fig.  2.211,  view 
showing  both  sides  closed;  fig.  2.212,  view  w'ith  one  side  open.  The  selector  type  of 
disconnecting  switch  is  a  transfer  switch  which  docs  not  require  the  circuit  to  be  inter- 
rupted while  making  the  change.  _  It  can  also  be  used  to  connect  two  independent  cir- 
cuits in  parallel.  In  construction,  it  is  in  effect  two  single  throw,  single  pole  disconnect- 
ing switches  with  the  hinge  jaws  connected  together  and  mounted  on  the  same  insulator. 
The  hinge  jaw  is  also  provided  with  dummy  jaws  to  hold  either  blade  of  the  switch  in 
the  open  position.  Except  for  these  differences  in  the  hinge  jaws,  the  construction  is 
similar  to  the  switch  shown  in  fig.  2,209.   It  should  not  be  used  to  open  the  circuit  when 


PlC.  2.213. — Hook  stick  for  operating  a  disconnecting  switch. 


Digitized  by  Goo 


1,596 


HAWKINS  ELECTRICITY 


Ques.   What  are  the  features  of  the  enclosed  air  break? 

Ans.  The  switch  is  more  compact  than  the  open  air  break 
type,  but  pressure  oscillations  are  caused  on  opening  the  circuit 
the  same  as  with  the  open  air  break,  and  it  is  not  desirable  for 
heavy  current. 


FlG.  2.214. — Baum  35,000  volt,  200  ampere,  double  break  pole  type  switch.  While  designed  for 
disconnecting  purposes  only,  it  can  break  considerable  amperage.  The  levers  and  couplings 
are  fastened  with  tape  pins.  The  control  shaft  coupling  is  adjustable  to  any  angle,  and  the 
switch  can  be  lockca  in  the  open  or  closed  position.  A  removable  wooden  handle  is  sup- 
plied and  the  Switch  can  be  handled  in  any  weather.  The  arms  can  be  extended  to  hold 
fuse  fittings,  or  dead  end  insulators  in  the  event  of  a  heavy  strain,  but  it  is  preferable  to 
have  fuses  on  another  structure  as  a  precaution  against  coming  in  contact  with  the 
energised  portion  of  the  switch,  and  it  is  also  preferable  to  take  the  strain  of  the  line 
on  a  pole  a  few  feet  from  the  switch,  rather  than  on  the  switch  structure,  particularly 
in  the  larger  sixes.  An  insulating  wood  section  in  the  control  shaft  separates  the  con- 
trol handle  from  the  remainder  of  the  switch.  Discharging  horns  can  be  fitted  to  this 
type  of  switch  and  when  so  equipped  they  have  been  found  capable  of  breaking  con- 
si  derable  loads. 

Ques.  How  is  the  fuse  arranged  in  the  metal  fuse 
break  type  of  switch? 

Ans.  It  is  placed  in  a  tube  fitted  with  powdered  carbonate 
•f  lime  or  some  other  insulating  powder. 
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Fig.  2.215. — Pacific  swivel  type  blade  for  Baum  pole  top  switches.   The  twist  type  of  blade, 
here  shown,  is  especially  adapted  to  switches  operating  in  freezing  or  sleety  weather. 
.  It  will  be  seen  that  the  first  few  degrees  through  which  the  rotating  insulator  is  moved 
hate  the  effect  of  twisting  the  blade  between  the  shoes  of  the  contact,  which  breaks  any  seal 
through  freezing,  or  corrosion. 


Pic.  2.218. — Pacific  22.000  volt,  100  ampere,  pole  top  switch  equipped  with  fuse  tubes;  de- 
signed to  meet  the  need  for  a  small  group  -controlled  disconnecting  switch,  having  sev- 
eral features  making  it  suitable  for  use  with  service  transformer  installations  and  line 
branches.  The  switch  is  made  with  damped  pipe  arms  permitting  adjustment.  It  is 
equipped  with  fuse  tubes  and  fittings,  but  should  the  fuses  be  not  desired,  the  arm  may 
be  shortened.  Provision  is  made  for  fitting  insulator  pins  to  the  top  of  the  arms,  when 
the  switch  is  mounted  vertically,  which  will  hold  insulators  at  right  angles  to  the  switch, 
making  it  possible  to  end  a  fine  on  the  top  of  these  arms  and  then  drop  down  through 
the  switch  to  the  bank  of  transformers.  The  switch  is  so  constructed  that  Gravity  tends  to 
hold  it  in  either  the  open  or  the  closed  position.      Provision  can  be  made  for  locking. 
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Fig.  2,217. — Horn  break  switch.  In  operation,  the  arc  formed  at  break,  will  travel  toward 
the  extremities  of  the  horns  because  of  the  fact  that  a  circuit  will  tend  to  move  so  as  to 
embrace  the  largest  possible  number  of  lines  of  force  set  up  by  it.  Hence,  the  arc  that 
starts  between  the  horns  where  they  are  near  together  rises  between  them  until  it  be- 
comes 10  attenuated  that  it  is  extinguished. 


Fig.  2,218. — Wcstinghouse  rear  connected  motor  starting  switch,  for  pressures  up  to  600 
volts.  It  is  used  for  starting  rotary  converters  and  direct  current  motors  of  large  capac- 
ity having  starting  torque  small  enough  to  permit  cutting  out  the  starting  resistance  in 
few  steps.  The  clips  can  be  connected  to  any  type  of  resistor,  the  steps  of  which  are 
successively  short  circuited  as  the  switch  closes;  the  amount  of  resistance  in  the  arma- 
ture circuit  is  thus  gradually  reduced.  A  pause  should  be  made  after  each  step  of  resist- 
ance is  thrown  in  to  allow  the  motor  speed  to  accelerate.  If  the  starting  switch  do  not 
have  to  carry  the  full  load  current  and  can  be  short  circuited  by  another  switch,  a  start- 
ing switch  of  smaller  capacity  equivalent  to  50  per  cent  of  running  current  of  the  machine 
can  be  used.  The  switch  is  of  the  single  pole,  single  throw,  rear  connected,  four  point, 
knife  blade  type. 
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Ques.    Describe  its  operation. 


Ans.  The  moving  arm  of  the  switch  draws  the  fuse  through 
the  tube,  thus  opening  the  circuit  without  much  disturbance. 


Ques.   What  is  the  objection  to  the  metal  fuse  switch? 

Ans.    The  powder  is  set  flying  by  the  explosion  of  the  arc, 
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which,  as  it  settles,  gets  into  the  bearings  of  any  machine  that 
may  be  in  the  vicinity. 

Ques.   What  is  a  horn  break  switch? 

Ans.    One  provided  with   horn  shaped  extensions  to  the 

contacts,  as  shown  in  fig.  2,219. 

The  arc  formed  on  breaking  the  circuit,  as  it  travels  toward  the 
tremities  of  the  horns,  becomes  attenuated  and  is  finally  ruptured. 


k 


A 


PlC.  2.220.— Kelman  switching  mechanism.  The  pantograph  arrangement  of  the  contact 
blades  gives  a  double  horizontal  break  deep  down  in  the  oil.  This  gives  over  the  break 
a  heavy  head  of  oil  which  immediately  closes  in  around  the  thin  blades  as  they  leave 
the  contacts  in  opening,  thus  effectually  extinguishing  the  arc.  The  opening  spring 
acts  within  the  pantograph  itself  without  any  intervening  mechanism,  and  the  light 
weight  of  the  few  moving  parts  enables  the  spring  to  accelerate  the  blades  rapidly,  thus 
obtaining  a  quick  break.  The  contacts  arc  of  the  return  bend  type,  which  makes  a  flex- 
ible contact,  to  obtain  alignment  with  the  blades  at  all  times.  The  pantograph  and 
contacts  are  supported  on  corrugated  porcelain  insulators  on  a  hardwood  base  or  insula- 
tor board.  The  insulators  are  fitted  with  iron  ends  for  securing  the  different  parts.  At 
each  end  of  the  insulator  board  is  an  upright  or  lifting  board  which  serves  to  lift  the 
•witching  mec&anism  out  of  the  t-»nk.  The  leads  are  heavily  insulated. 
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Ques.   What  are  the  objections  to  this  type  of  switch? 

Ans.  The  considerable  space  required  for  the  horns  and 
arcs,  and  the  line  surges  caused  by  the  arc. 

Horn  switches  were  used  extensively  for  high  pressure  alternating 
current  circuits  before  the  introduction  of  oil  switches. 


Oil  Switches. — The  extensive  use  of  high  pressure  currents 
and  alternating  current  motors  and  other  devices  introducing 
inductance  make  it  necessary  to  use  switches  radically  different 
from  the  ordinary  air  break  types. 
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The  opening  of  circuits  of  considerable  current  value  with 
inductive  loads  is  not  possible  with  old  style  switches  which 
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were  quite  adequate  for  the  service  for  which  they  were  de- 
signed. These  circuits  are  controlled  with  ease  and  certainty 
by  the  oil  switch. 


Pbs.  2.223  to  2.226. — Westinghouse  indoor,  two  polo  double  throw  oil  switch  for  pressures 
apt  oyer  6.600  volts.  Pig.  2.223,  open  position;  fig.  2,22."),  closed  position.  This  type 
of  twitch  is  suited  for  a  wide  range  of  application,  bang  made  in  both  switchboard  and 
wall  mounting  styles;  also  for  remote  mechanical  control  by  the  use  of  bell  cranks  and 
connecting  rods.  The  wall  mounting  style  is  adaptable  to  motor  installations  on  account 
°f  the  facility  with  which  it  may  be  mounted  on  any  support,  convenient  to  the  motor 
operator.  The  lever  and  handle  extend  outward  over  tne  oil  tank,  so  that  the  switch 
may  readily  be  mounted  against  a  wall,  post  or  any  vertical  support.  The  character- 
istic features  of  this  type  of  switch  are:  knife  blade  contacts  submerged  in  oil;  live  parts 
carried  on  a  porcelain  base  affording  a  permanent  insulation  between  adjacent  poles,  and 
between  the  frame  and  live  parts;  compactness  and  accessibility;  enclosure  of  all  live 
metal  parts;  and  low  first  cost.  Each  contact  jaw  has  attached  to  it  an  arcing  piece 
whkh  takes  the  final  break,  thus  preventing  any  burning  of  the  jaws.  These  arcing 
Pieces  are  inexpensive  and  readily  replaced  when  worn  or  burnt  away.  The  contact 
making  parts  are  enclosed  in  a  sheet  metal  oil  tank  which  has  an  insulating  lining.  The 
leads  are  brought  out  at  the  top.  Connections  to  the  outside  circuit  are  made  inside 
the  switch  and  a  porcelain  insulator  is  slipped  over  the  joint,  thus  providing  a  straight 
continuous  connection  from  the  line  with  maximum  insulation.  On  the  6,000  volt 
>*itch.  insulation  is  obtained  by  the  use  of  porcelain  bases  for  supporting  the  live  parts. 
In  the  2.300  volt  switch  specially  treated  wooden  bases  are  used,  suitable  barriers  being 
'  between  the  poles  where  necessary  to  prevent  arcs  communicating. 
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Ques.   What  is  an  oil  switch? 

Ans.    One  in  which  the  contact  is  broken  under  oil. 

This  type  of  switch  is  the  one  almost  universally  used  on  high  pres- 
sure alternating  current  circuits,  because  ot  the  fact  that  the  oil  tends 
to  cause  the  current  to  break  when  at  its  zero  value,  thus  preventing 
the  heavy  arcing  which  would  occur  with  an  air  tfreak  switch,  and  the 
consequent  surges  in  the  line  which  are  so  often  the  cause  of  break- 
down  of  the  insulation  of  the  system. 


Fig.  2,227. — Kelman  electric  control  unit  for  oil  switch.  It  consists  of  an  iron  frame  whicfc 
contains  the  opening  and  closing  coils  and  the  bearings  for  the  operating  bell  crank. 
A  small  switch  on  the  frame  automatically  opens  the  coil  circuit  at  the  end  of  the  stroke 
in  either  direction  and  operates  signal  lamps  to  indicate  the  open  or  closed  position. 
The  automatic  overload  release  opens  the  switch  by  closing  the  opening  coil  circuit. 
This  electrical  operating  unit  gives  satisfactory  service  through  a  wide  variation  of  volt- 
age. It  requires  a  momentary  expenditure  of  energy  of  from  1,500  to  4.000  watts,  de- 
pending on  the  siie. 


Ques.   What  is  the  nature  of  an  oil  break? 

Ans.    It  is  not  a  quick  break. 

Oscillograph  records  show  that  the  effect  of  the  oil  is  to  allow  the  arc 
to  continue  during  several  cycles  and  then  to  break  the  current,  usually 
at  the  zero  point  of  the  wave 
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Remote  Control  Oil  Switches.— It  is  desirable  in  the  case 
of  switches  on  high  pressure  circuits  to  locate  the  parts  which 
carry  the  high  pressure  current  at  some  distance  from  the 
switchboard  in  order  that  they  may  be  operated  with  safety. 

With  respect  to  the  manner  in  which  the  switches  are  operated 
they  may  be  classed,  as 

1.  Hand  operated ; 

2.  Power  operated. 


Fig*.  2.228  and  2,229. — Views  showing  mechanism  of  hand  operated  remote  control  switches 
Pi*.  2.228,  straight  mechanism;  fig.  2.229.  angular  mechanism. 


Ques.    What  kind  of  power  is  used? 

Ans.    Electricity  is  used  in  most  cases;  in  some  installations, 
switches  are  operated  by  compressed  air. 

Ques.   For  what  pressures  should   remote  control 
switches  be  used? 

Ans.    For  pressures  above  1,100  volts. 
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Ques.  Describe  the  operating  mechanism  of  a  remote 
control,  hand,  and  electrically  operated  switch. 

Ans.  For  hand  operation,  the  mechanism  between  the  oper- 
ating lever  and  switch  proper,  consists  simply  of  a  system  of 
links  and  bell  cranks.  Various  shapes  of  bell  crank  are  used, 
to  permit  change  in  direction  or  position  of  the  force  applied 
to  operate  the  switch. 


Fig.  2.230. — Pacific  oil  switch  with  solenoid  control,  designed  for  60,000  and  70.000  voH 

installations:  it  is  capable  of  handling  a  25,000  kw.  generating  station.  The  hreak 
is  horizontal.  m?de  by  the  rotation  of  a  flat  member  edgewise  through  the  oil.  The 
solenoid,  at  its  extreme  outer  position,  has  a  free  start  before  commencing  to  rr.jve  the 
control  parts  of  the  switch.  As  it  approaches  the  extreme  inner  position,  where  the 
opening  spring  and  the  contacts  begin  to  offer  the  greatest  resistance,  the  magnetic  actior 
is.  of  course,  most  powerful,  and  the  leverage  by  which  it  is  applied  moves  to  an  increas- 
ing radius,  by  means  of  rollers  working  in  the  curved  slots  of  the  control  shaft  levers. 
These  curved  slots  and  rollers  have  the  additional  advantage  of  making  the  opening 
action  very  free  and  smooth.  The  tripping  coil  does  not  act  on  the  latch  directly,  but 
gives  a  hammer  blow  that  is  positive.  The  latch  proper  is  a  roller  having  a  powerful 
hold  and  easy  release.  Current  can  not  lie  left  on  either  the  closing  or  opening  coils, 
as  they  are  automatically  cut  out  by  the  movement  of  the  switch. 


Ques.  Name  two  classes  of  electrically  operated  remote 
control  switch. 

Ans.  Those  operated  by  solenoids,  and  those  operated  by 
motors. 

The  solenoid  type  are  closed  by  the  action  of  a  plunger  solenoid, 
and  opened  either  by  another  solenoid  called  a  "tripping  coil"  or  by 
gravity.  Some  examples  of  remote  control  are  shown  in  the  accom- 
panying illustrations. 
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Ques.  What  indicating  devices  are  used  with  elec- 
trically operated  switches? 

Ans.  Red  and  green  lamps;  red  for  closed  and  green  for 
open  as  shown  in  fig.  2,231. 

■RED  INDICATING  LAMP 

:sed) 
CLOSING  CONTACT 


green  indicating  lamp 
(oil  switch  open) 


automatic  contact  fingers 
cam  actuated 

oil  switch  in  closed  position 

2,231.— -Diagram  of  connections  of  motor  operated  remote  control  switch.    The  motor 
wboh  operates  the  switch  is  controlled  by  a  small  lever  generally  mounted  on  the  panel 
the  instruments  which  are  in  the  circuit  controlled  by  the  switch.    The  standard 
for  operating  the  motors  is  125  volts. 


Ques.   For  what  service  are  motor  operated  switches 


Ans.  For  exceptionally  heavy  work  where  the  kilowatt 
rupturing  capacity  is  greater  than  that  for  which  the  other 
types  are  suitable. 
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Rupturing  Capacity  of  Oil  Switches. — While  an  oil  switch 
may  be  designed  for  a  given  pressure  and  to  carry  a  definite 
amount  of  current,  it  should  not  be  understood  that  the  switch 
will  necessarily  rupture  the  amount  of  normal  energy  equivalent 
to  its  volt  ampere  rating. 
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Pics.  2.233  to  2,235.— Diagrams  showing  connections  for  General  Electric  single,  double,  and 
triple  pole,  solenoid  operated  remote  control  switches.  The  operating  coils  are  shown 
connectedto  main  switch  circuit,  but  may  be  connected  to  an  entirely  separate  control 

arc  the  same  for  either  alternating  or  direct  current. 


Oil  switches  are  often  used  on  systems  with  generator  capacity 
of  many  thousand  kilowatts.  It  is  therefore  essential  that  the 
switches  shall  be  able  to  break  not  only  their  normal  current, 
but  also  greatly  increased  current  that  would  flow  if  a  short 
circuit  or  partial  short  circuit  occur. 

Digitized  by  Google 


1,610 


HAWKINS  ELECTRICITY 


PlC-  2,236. — Westinghouse  three  pole  hand  operated  remote  control  oil  switch,  adapted  for 
the  control  of  alternating  current  circuits  of  small  and  moderate  capacities,  the  pres- 
sures of  which  do  not  exceed  25,000  volts.  Each  unit  is  installed  in  a  separate  masonry 
compartment.  The  open  position  of  contacts  is  maintained  by  gravity.  Up  to  and 
including  the  600  ampere  capacity,  the  contacts  are  cone  shaped  with  an  arcing  tio.  as 
shown  for  capacities  in  excess  of  600  amperes,  brush  contacts  are  furnii»hed  with  auxil- 
iary arcing  contacts  of  the  butt  type.   Each  pole  has  two  sets  of  contacts,  thus  providing 

•  double  break  in  each  line.  With  both  types  of  contact,  the  final  break  of  the  arc  is 
taken  and  the  main  contacts  protected  by  auxiliary  arcing  contacts  which  are  inexpen- 
sive and  readily  renewable.  The  upper  or  stationary  contacts  are  mounted  on  porcelain 
insulators  secured  in  the  soapstone  base.   The  lower  or  movable  contacts  are  carried  by 

•  wooden  rod  connected  to  and  moved  vertically  by  the  operating  mechanism.  The 
operating  mechanism  of  the  hand  operated  breaker  consists  of  a  simple  system  of  levers, 
bei  cranks,  and  rods.  The  necessary  energy  for  making  a  positive  contact  is  small 
Owing  to  the  use  of  a  toggle  mechanism.  The  leads  are  brought  out  of  the  top  of  the 
breaker  through  heavy  porcelain  insulators.  On  breakers  above  3.500  volts,  the  connec- 
tions to  the  line  wires  are  made  by  means  of  a  union  which  can  be  tightened  with  a 
socket  wrench  fitting  inside  the  insulator.  As  the  leads  coming  into  the  switch  are  neces- 
sarily insulated  wire  or  cable,  this  arrangement  eliminates  all  exposed  live  parts  and  is 
well  adapted  to  making  connections  readily  to  bus  bars  located  above  or  in  the  rear  of 
the  circuit  breakers. 
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Under  short  circuit  conditions  alternators  develop  instan- 
taneously many  times  their  normal  load  current,  while  the 
sustained  short  circuit  current  is  approximate' y  two  and  a  half 
to  three  times  normal,  or  even  higher  with  turbine  alternators. 

.OFF  POSITION 


OH 
POSITION 


Hammer 


switch,  designed  for  the  automatic  control  of 


current  motors  operating  pumps  used  to  fill  or  empty  tanks,  sumps  or  other 
•witch  is  operated  by  the  rise  and  fall  of  a  copper  float  which  is  con- 
netted  to  the  rwilch  lever  by  a  brass  rod  or  copper  chain.  As  the  water  level  rises  and 
falls,  the  float  moves  up  and  down.  This  movement  is  transmitted  to  the  switch  lever 
and  the  switch  (if  the  movement  be  sufficient)  is  tripped  to  make  or  break  the  motor 
circuit.  To  insure  the  best  operation  it  is  necessary  that  the  float  rod  be  provided  with 
a  guide  so  that  the  float  will  move  up  or  down  in  a  vertical  line,  as  shown.  The  minimum 
difference  in  water  level  at  which  the  switch  will  operate  is  approximately  10  to  12  inches. 
When  the  float  is  placed  in  a  closed  tank,  the  minimum  height  inside  from  the  bottom 
of  the  tank  to  the  top  should  be  at  least  6  inches  greater  than  the  difference  in  water  level 
to  provide  sufficient  clearance  for  the  float. 


r*Htch,  the  contacts  are  closed  when  the  water  level  is  low,  putting  the  motor,  driving 
the  pump,  in  motion.  When  the  water  in  the  tank  reaches  a  predetermined  high  level 
the  Boat  arm  opens  the  switch  contacts,  and  the  motor  is  disconnected  from  the  line. 


•amp  pump  purposes,  the  contacts  open  on  low  level  and  close  on  high  level,  the 
lever  being  reversed  for  this  purpose.    Two  pole,  three  pole  and  four  pole  switches  of 
are  made,  all  arranged  to  completely  disconnect  single  phase,  two  phase  and 
"  from  their  circuits.    When  used  with  small  motors  which  may  be 

the  .witch  wbeuri  without .  mmu^U  d*£f.  Goog[e 
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Hence,  circuit  breakers  of  the  so  called  instantaneous  type  must 
be  capable  of  rupturing  the  circuit  when  the  current  is  at  a 
maximum,  whereas,  non-automatic  switches,  or  circuit  breakers 
with  time  limit  relays  will  be  required  to  interrupt  only  the 
sustained  short  current  circuit.  The  reason  is  evident,  since  the 
delay  in  opening  the  switch  allows  the  current  to  approach  the 
sustained  short  circuit  conditions. 
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CHAPTER  LVIII 

CURRENT  AND  PRESSURE  LIMITING 

DEVICES 


In  any  electric  installation  there  must  be  provided  a  number 
of  automatic  devices  to  secure  proper  control.  The  great  mul- 
tiplicity of  devices  designed  for  this  purpose  may  be  divided  into 
two  general  classes,  as 

1.  Current  limiting; 

2.  Pressure  limiting. 

Because  of  the  heating  effect  of  the  current  which  increases 
in  proportion  to  the  square  of  the  strength  of  the  current,  it 
is  necessary  to  protect  circuits  with  devices  which  do  not  allow 
the  current  to  exceed  a  predetermined  value. 

Accordingly  fuses,  circuit  breakers,  reactances,  etc.,  are  used, 
each  possessing  certain  characteristics,  which  render  it  suitable 
for  particular  conditions  of  service. 

For  instance,  just  as  in  analogy,  steam  boilers  must  be  protected 
against  abnormal  pressures  by  safety  valves,  electric  circuits  must 
be  guarded  against  excessive  voltages  by  pressure  limiting  devices, 
otherwise  much  damage  would  occur,  such  as  the  burning  out  of  in- 
candescent lamps,  grounding  of  cables,  etc. 

The  control  of  steam  is  simple  as  compared  to  the  electric  current, 
the  latter  being  the  more  difficult  to  manage  because  of  its  peculiar 
behaviour  in  certain  respects,  especially  in  the  case  of  alternating 
current  which  necessitates  numerous  devices  of  more  or  less  delicate 

construction  for  safety  both  to  the  apparatus  and  the  operator. 
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Fuses. — A  fuse  is  "an  electrical  safety  valve",  or  more  specif- 
ically, the  actual  wire  or  strip  of  metal  in  a  cut  out,  which  may  be 
fused  by  an  excessive  current,  that  is  to  say,  by  a  current  which 
exceeds  a  predetermined  value.  A  fuse,  thus  serves  to  protect 
a  circuit  from  any  harm  resulting  from  an  undue  overload. 

Fuses  have  been  treated  at  such  length  in  Guide  No.  2,  Chapter  XXV, 
that  very  little  can  be  said  here,  without  repetition. 


Fig.  2,238. — Sectional  view  of  Noark  2.50  volt.  400  ampere  enclosed  fuse.  The  fusible  ele- 
ment is  divided  into  strips  A,  B,  C.  and  D.  This  parallel  link  construction  results,  upon 
the  operation  of  the  fuse,  in  the  formation  of  a  number  of  small  arcs,  thus  facilitating 
the  absorption  of  the  metal  vapor  formed  when  the  fuse  blows.  The  fusible  stripe,  of 
which  there  arc  two  or  four  in  number,  according  to  the  ampere  capacity  of  the  fuse,  are 
entirely  surrounded  by  a  granular  material  which  is  chemically  inactive  with  respect  to 
the  fusible  link  and  whose  function  is  to  absorb  the  metallic  vapor  formed  upon  the  blow- 
ing of  the  fuse.  The  contact  blades  T  and  L  arc  made  of  round  edge  copper,  the  round 
edges  facilitating  the  insertion  of  the  fuses  in  the  circuit  terminals.  R  and  S  are  the 
end  ferrules,  attached  to  cover  £,  by  the  pin  M. 

. 

Ques.   What  effect  have  the  terminals  on  a  fuse? 

Ans.  The  current  at  which  a  fuse  melts  may  be  greatly 
changed  by  the  size  and  shape  of  the  terminals. 

If  near  together  and  large,  they  may  conduct  considerable  heat  from 
the  fuse  thus  increasing  the  current  required  to  blow  the  fuse. 


Ques.   What  is  the  objection  to  large  fuses? 

Ans.    The  discharge  of  molten  metal  when  the  fuse  blows  is 
a  source  of  danger. 

Ques.    What  should  be  used  in  place  of  large  fuses? 

Ans.    Circuit  breakers. 
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Ques.   What  are  the  objections  to  fuses  in  general? 

Ans.  The  uncertainty  as  to  the  current  required  to  blow 
them;  the  constant  expansion  and  contraction  is  liable  to  loosen 
the  terminal  screws  when  screws  are  used. 

Ques.   What  is  the  advantage  of  fuses? 

Ans.    They  form  an  inexpensive  means  of  protecting  small 


Fig-  2.239. — Cross  section  through  plug  fuse.    With  this  type  of  fuse  it  is  impossible  to  place 
an.?  except  the  correct  size  of  plug  in  the  socket. 

Ques.    Describe  a  plug  fuse. 

Ans.  It  is  constructed  as  shown  in  fig.  2,239,  the  fuse  wire 
being  visible  and  stretching  between  the  two  metal  portions  of 
the  plug. 

Ques.   What  is  a  cut  out  fuse? 

Ans.  One  similar  to  a  simple  fuse,  but  provided  with  clip 
contacts  as  used  for  knife  switch  contacts. 


circuits. 


The  fuse  wire  is  usually  contained  in  a  china  or  porcelain  tube,  which 
alao  serves  the  purpose  oi  a  handle  for  withdrawing  the  fuse. 
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Ques.    What  is  an  expulsion  fuse? 

Ans.  One  in  which  the  fuse  is  placed  in  an  enclosed  chamber 
with  a  vent  hole. 

In  operation,  when  the  fuse  blows,  the  hot  air  and  molten  metal  are 
expelled  through  the  vent 

Ques.   What  is  a  no  arc  fuse? 

Ans.  A  cartridge  type  fuse,  in  which  the  space  surrounding 
the  fuse  wire  is  filled  with  powdered  material. 


Pig.  2,240. — Inside  view  of  end  ferrule  of  Noark  enclosed  fuse.  Two  prongs  O  and  V,  which 
are  a  part  of  the  knife  blade  K,  pass  through  the  square  holes  in  the  ends  of  the  ferrule  R. 
and  are  riveted  to  the  anchor  plate  T.  The  object  of  this  plate  is  to  stiffen  the  structure 
and  to  increase  the  current  carrying  capacity  of  the  metal  between  the  holes,  also  to  permit  of 
proper  alignment  of  the  plates.  In  each  ferrule  is  placed  a  vent  screen,  composed  of  reticu- 
late material,  such  as  cheese  cloth.  The  fuzz  between  the  threads  ot  the  cheese  cloth  pre- 
vents the  escape  of  the  granular  material  through  the  vent  holes  A,  but  when  the  fuse 
operates,  allows  free  egress  of  the  air,  thereby  permitting  the  vapor  formed  upon  the  operation 
of  the  fusible  element  to  quickly  and  freely  pass  through  the  interstices  of  the  filling  material 
and  become  cooled,  eliminating  any  possibility  of  flame  issuing  from  the  ends  of  the  tube. 


The  object  of  the  powdered  material  is  to  assist  in  extinguishing  the 
arc  formed  when  the  fuse  blows. 


Ques.    What  is  a  magnetic  blow  out  fuse? 

Ans.  An  enclosed  fuse  which  is  subject  to  the  action  of  a 
magnetic  field  produced  by  the  current,  the  magnetic  field 
tending  to  blow  out  the  arc  when  fusing  occurs. 
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its  center,  or 
I  at  fusing  is 


Ques.   What  is  a  quick  break  fuse? 

Ans.  One  having  a  weight  suspended  fr 
jprings  attached  to  its  ends  so  that  the  arc  f< 
juickly  attenuated  and  extinguished. 

• 

Ques.  What  is  the  disadvantage  of  a  fuse  as  compared 
»  an  oil  switch  circuit  breaker? 

Ans.  When  a  fuse  blows,  the  arc  causes  oscillations  in  the 
ine,  which  cause  excessive  rise  of  pressure  under  certain  capacity 


*ic.  2.241. — Ouidc  break  fuse.  The  fuse  wire  is  connected  between  the  fixed  terminal  A 
and  the  movable  arm  B,  and  is  held  under  tension  by  the  spring  which  exerts  pressure 
on  the  movable  arm  in  a  direction  tending  to  separate  A  and  a.  In  operation,  when  the 
fase  blows,  the  movable  arm  quickly  moves  to  the  position  B'f  thus  attenuating  the  arc 
and  accelerating  its  extinguishment. 

editions,  whereas  this  disturbance  is  reduced  to  a  minimum 
with  an  oil  switch. 

Ques.   What  metal  is  used  for  fuse  wires  ? 

Ans.    Various  metals.   Ordinary  fuse  wire  is  made  of  lead  or 
in  alloy  of  lead  and  tin. 
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Ques.    What  is  the  objection  to  alui 

Ans.  It  becomes  coated  with  oxide  or  sulphide,  which  acts 
as  a  tube  tending  to  retain  the  metal  inside  and  prevent  rupture. 

Ques.   What  is  the  objection  to  copper? 

Ans.    Its  high  fusing  point. 


Current  Limiting  Inductances. — The  great  increase  in 
capacity  of  power  stations,  for  supplying  the  demands  of  densely 
populated  centers  and  large  manufacturing  districts,  together 


Fig.  2.242. — Notched  end  turn.  This  is  a  simple  form  of  fuse  consisting  of  a  strip  c; 
metal  (or  wire)  fixed  between  two  end  pieces  to  fit  around  the  terminals.  This  type  is  pites. 
proportioned  so  that  it  is  only  possible  to  place  the  correct  size  of  fuse  in  the  terminals-. 
Sometimes,  in  place  of  the  end  pieces  as  shown,  the  fuse  metal  is  fixed  between  two 
clamping  screws. 


with  the  decrease  in  the  reactance  of  modern  alternators  and 
transformers  due  to  improvement  in  design  to  obtain  better 
regulation,  has  presented  a  problem  in  apparatus  protection  not 
contemplated  in  the  earlier  days  of  alternating  current  distri- 
bution. This  problem  is  entirely  separate  and  distinct  frorr 
that  of  eliminating  the  tendency  toward  short  circuit,  incident 
to  the  high  voltages  now  common  in  transmission  lines.  It 
accepts  that  all  short  circuits  must  occasionally  occur  and 
considers  only  the  protection  of  the  connected  apparatus  against 
the  mechanical  forces  due  to  the  magnetic  stresses  of  such 
enormous  currents. 
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Ques.  What  means  are  employed  to  limit  the  value  of 
a  short  circuit  current? 

Ans.  A  current  limiting  inductance  coil  (called  a  reactance) 
is  placed  in  series  with  the  alternators  or  transformers. 


Fig.  2.243. — General  Electric  current  limiting  reactance;  view  showing  details  of  construc- 
tion. The  core  consists  of  a  hollow  concrete  cylinder,  alloy  anchor  plates  or  sockets  being 
embedded  in  the  core  near  the  ends  to  receive  the  radial  brass  bolts.  An  extension  at  each 
end  of  the  core  provides  for  clamping  and  bracing  the  reactance  in  installation.  The 
supports  for  the  winding  are  made  of  resin  treated  maple  and  are  located  upon  the  core 
by  radial  brass  studs  screwed  into  the  alloy  sockets,  and  insulated  by  mica  tubes.  The 
nuts  by  which  the  structure  is  tightened,  rest  upon  heavy  fibre  washers.  Wooden  bar- 
riers fitted  and  shellaced  into  the  supports  add  to  the  creepage  surface  between  layers 
of  the  winding  and  between  the  winding  and  the  core.  The  supports  of  the  layer  next 
to  the  core  are  separated  from  the  core  by  strips  of  treated  pressboard.  The  coil  con- 
sists of  bare  stranded  cable  in  several  layers,  usually  three  in  number.  It  is  wound  into 
grooves  in  the  treated  wood  supports,  which  are  protected  from  contact  with  the  cable 
by  heat  shields  of  asbestos  shellaced  into  the  grooves.  The  winding  is  usually  in  the 
form  of  two  back  turn  sections,  thereby  allowing  the  terminals  of  the  coil  to  be  brought 
out  at  the  ends  of  the  outside  layer.  This  assures  accessibility  and  ease  of  connection, 
and  the  removal  of  the  leads  from  proximity  to  the  core.  Two  turns  at  each  end  of  the 
winding  are  given  extra  spacing  for  the  purpose  of  additional  insulation.  The  final  turn 
at  each  end  of  the  coil  is  securely  held  in  place  by  alloy  clamps  bolted  to  the  supports. 
The  wood  is  protected  from  contact  with  the  clamps  by  shields  of  asbestos.  The  ends 
of  the  cable  between  the  two  sections  are  welded  by  the  oxy-acetylene  process. 

Ques.   What  are  its  essential  features  of  construction? 

Ans.  It  consists  of  bare  stranded  cable  wound  around  a 
concrete  core  and  held  in  place  by  wooden  supports  as  shown 
in  fig.  2,243. 
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In  order  to  avoid  the  prohibitive  expense  of  high  voltage  insulation, 
the  reactance  coil  is  designed  for  the  low  tension  circuit  This  require 
ment  prohibits  the  use  of  a  magnetic  core  which,  if  economically  de- 
signed for  normal  operation,  would  become  saturated  at  higher  den- 
sities, or,  if  designed  large  enough  to  avoid  saturation  at  short  circuit 
conditions,  would  become  prohibitive  in  cost  and  dimensions. 

The  elimination  of  all  magnetic  material  from  the  construction  of 
the  concrete  core  reactance  permits  of  no  saturation,  and  assures  a 
straight  line  voltage  characteristic  at  all  current  loads. 


Pig.  2,244. — Westinghouse  magnetic  blow  out  circuit  breaker,  designed  for  the  protection 
of  street  railway  and  electric  locomotive  equipments;  it  serves  the  combined  purpose 
of  fuse  block  and  canopy  switch.  The  contact  tips  are  surrounded  by  a  moulded  arc 
chute  which  confines  and  directs  the  arc  until  the  magnetic  blow  out  extinguishes  it. 
The  current  carrying  contacts  consist  of  copper  ."trips  separated  by  air  spaces.  An  aux- 
iliary contact  or  'arcing  tip"  at  the  end  of  the  switch  lever  takes  the  burning  of  the  axe 
when  the  breaker  opens,  and  thus  confines  the  burning  to  a  very  small  piece  which  can 
be  easily  removed  and  replaced  at  small  cost.  The  hand  tripping  lever  and  the  resetting 
lever  have  insulated  handles,  so  that  they  can  be  safely  handled,  even  in  the  dark. 

Ques.  Where  is  the  proper  location  for  a  current  limit- 
ing reactance? 

Ans.    As  near  the  alternator  as  possible. 
Ques.  Why? 

Ans.    To  lessen  the  possibility  of  a  short  circuit  ocxnirring 
between  the  reactance  and  the  alternator. 
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Ques.  Beside  limiting  the  current,  what  other  service 
is  performed  by  the  reactance? 

Ans.  It  protects  the  alternator  from  high  frequency  surges 
coming  in  from  the  outside,  and  limits  the  current  from  other 
machines  on  the  same  bus. 


Pic.  2.245. — General  Electric  magnetic  blow  out  circuit  breaker.    This  type  may  be  used  in 
air  or  water  tight  boxes  and  is  peculiarly  adapted  for  service  where  the  arc  must  be  confined. 

Circuit  Breakers. — The  importance  of  circuit  protective 
devices,  commonly  called  circuit  breakers,  is  fully  recognized. 
The  duty  of  a  circuit  breaker  is  to  protect  the  apparatus  in  an 
electrical  circuit  from  undesirable  effects  arising  from  abnormal 
conditions,  by  automatically  breaking  the  circuit.  Accordingly 
a  circuit  breaker  must  comprise  a  switch  in  combination  with 
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electrical  control  devices  designed  to  act  under  abnormal  con- 
ditions in  the  circuit. 

A  circuit  breaker  is  a  device  which  automatically  opens  the 
circuit  in  event  of  abnormal  conditions,  in  the  circuit. 

T   


Fig 


2,246. — Magnetic  blow  out  circuit  breaker.  This  is  a  direct  current  breaker  in  which  the 
final  break  occurs  in  a  magnetic  held.  It  Is  a  principle  in  electromagnetics  that  a  con- 
ductor catrytng  a  current  in  a  magnetic  field  will  tend  to  move  in  a  direction  at  rifht  ongUs  to 
the  field.  The  arc  set  up  on  breaking  a  circuit  constitutes  a  conductor,  and  m  magnetic 
blow  out  circuit  breakers,  as  generally  manufactured,  there  is  an  electromagnet,  energixec 
by  the  current  to  be  broken,  which  produces  a  held  in  the  neighborhood  of  the  arc,  with 
the  result  that  the  arc  moves  outward,  and  so  becomes  attenuated  and  is  finally 
guished.  The  form  shown  in  the  figure  is  used  on  cars  equipped  with  heavy  motors, 
so  used,  it  is  in  many  cases  mounted  in  a  box  with  the  handle  H  projecting  at  one  end. 
A  and  K  are  the  terminals  of  the  breaker  and  B  is  the  tripping  coil,  which  also  serves  to 
set  up  the  magnetic  field  necessary  for  blowing  out  the  arc.  X  is  the  armature  of  coil  B 
and  is  pulled  down  against  the  action  of  the  spring  S  whenever  the  current  exceeds  that 
for  which  the  breaker  is  set.  The  tripping  current  is  adjusted  by  means  of  nut  T.  The 
iron  plate  P  and  a  similar  one  back  of  it  are  magnetized  by  the  current  in  coil  B,  and  as 
the  break  takes  place  between  these  two  poles,  the  arc  is  promptly  extinguished  by 
field  that  exists  there.   In  operation,  A  and  K  are  the  terminals,  DDisa  contact 


is  forced  up  against  P,  F  when  the  breaker  is  set.  The  current  then  takes  the  path 
A-B-F-D  D-F-K.  When  the  breaker  trips,  the  contact  piece  D  D  flies  down  and  the 
tendency  is  for  an  arc  to  form  between  F,  F;  the  magnetic  field  blows  the  arc  upwards, 
and  whatever  burning  takes  place  is  on  the  contacts  E,  E,  which  are  so  const 
they  may  be  readily  renewed.  To  trip  the  breaker  by  hand,  the  knob  N  is 


In  the  design  of  circuit  breakers,  there  are  several  methods 
used  to  effect  the  rupturing  of  the  arc  between  contacts  when 
opened  on  heavy  overload,  such  as 

1.  Magnetic  blow  out;  2.  Thermal  break;  3.  Carbon  break. 

Digitized  by  Google 


CURRENT  AND  PRESSURE  LIMITING  DEVICES  1,623 


In  the  magnetic  blow  out  type,  the  arc  is  extinguished  between 
auxiliary  contacts  confined  by  a  chute  in  which  the  arc  is 
rapidly  blown  out  due  to  a  powerful  magnetic  field  from  one  or 
more  electromagnets.  This  type  may  be  used  in  air  or  water- 
tight boxes  and  is  peculiarly  adapted  for  service  where  the  arc 
must  be  confined. 


f  \ 


Fig.  _2.247. — Thermal  overload  circuit  breaker.   In  construction  two  contact  blocks  are 
i  rigidly  to,  but  insulated  from,  the  switch  arm.  They  are  connected  electrically  by  two 


parallel  strips  of  suitable  metal,  each  fitted  with  a  steel  catch  piece.   When  the  switch  Is 
closed  the  strips  are  sprung  apart  over  a  fixed  catch,  and  the  full  rated  current  does  not 
the  catch.   Overload  causes  the  strips  to  move  apart,  and  the  circuit  breaker  fiVs 
the  action  of  a  spring. 


In  a  carbon  break  type,  the  arc  is  finally  ruptured  between 
carbon  break  contacts.  The  breaking  of  the  circuit  is  accom- 
plished progressively,  that  is  to  say,  it  is  done  in  three  stages, 
by  several  sets  of  contact,  known  respectively  as 

1.  The  main  contacts; 

2.  The  intermediate  contacts; 

3.  The  carbon  contacts. 
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In  operation,  as  the  circuit  breaker  acts  to  break  the  circuit, 
first  the  main  contacts,  separate,  then  the  intermediate  contacts, 
and  finally  the  carbon  contacts  between  which  the  arc  is  ruptured. 

Ques.   What  is  the  object  of  the  intermediate  contacts? 

Ans.    To  prevent  the  forming  of  an  arc  on  the  main  contacts. 


Fig.  2.248. — Carbon  break  discs  of  Condit  circuit  breaker.  The  two  pairs  of  similar  discs 
which  slide  past  each  other  are  so  arranged  that  these  surfaces  coincide  at  the  instant  the 
intermediate  contact  separate  after  which,  as  the  contact  arm  opens  further,  they  gradually 
disengage. 

Ques.    What  is  the  object  of  the  carbon  contacts? 

Ans.  First  to  protect  the  intermediate  contacts  by  providing 
a  path  for  the  current  after  the  intermediate  contacts  separate, 
and  2,  to  "slow  down"  the  current  by  means  of  the  considerable 
resistance  of  the  carbon,  thus  reducing  to  a  minimum  the  arc 
which  is  formed  when  the  carbon  contacts  separate. 
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Ques.  How  is  the  automatic  operation  of  a  circuit 
breaker  usually  accomplished  ? 

Ans.  Usually  through  the  medium  of  a  solenoid,  or  electro 
magnet  energized  by  current  from  the  circuit  controlled  by 
the  breaker. 


The  essential  features  of  construction  and  operation  of  a  circuit 
breaker  is  shown  in  the  elementary  diagrams,  figs.  2,250  to  2,253.  In 
construction  as  shown  in  fig.  2,250  it  consists  essentially  of  three  sets 
of  contacts,  a  swinging  contact  arm  which  is  set  in  the  closed  position 
by  the  handle  operating  through  the  toggle  joint,  the  movement  of  which 
is  limited  in  the  closing  direction  by  the  stop.  The  latter  is  made  ad- 
justable by  an  eccentric  pin  or  equivalent.  Connected  to  the  toggle  is 
the  plunger  of  the  solenoid  whose  winding  is  energized  by  current  from 
the  circuit  which  the  circuit  breaker  is  to  control. 
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Fk,s  2.2ft)  ty  2,253.— KU;nv>Tit.nry  digrams  itlustrntrnt?  the  operation  of  a  carbon  circuit 

1.  n-.tkvr  of  t  .)r  "v«.-r,«M'[  ty ]►<•._  ,»viw»m:  the  prn)-,^MVi-  f>;n  v.iuK  Mt  su.  h  device.  Fig.  2,2.50, 
closed  position;  fi^.  J.'J.»1,  main  contacts  open:  fig.  2,2." 2,  intermediate  contacts  ooen-  fit?' 

2.  ^:j:i.  carbon  c.nu  K  „;h:ii,  eirvmt  broken.  ' 
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In  operation,  the  circuit  is  closed  by  hand  by  turning  the  handle 
downward  to  the  position  shown  in  fig.  2,250,  that  is  as  far  as  it  will  go. 

Since  the  toggle  has  passed  the  center  line  the  arm  will  be  held  nor- 
mally in  this  position  because  of  the  spring  action  of  the  contacts.  Now, 
if  the  current  rise  above  a  pre-determined  limit,  the  pull  exerted  by 
the  solenoid  will  overbalance  the  tendency  of  the  toggle  to  remain  in 
the  dosed  position,  and  pull  the  two  toggle  links  downward  below  the 
center  line,  drawing  the  contact  arm  back  and  breaking  the  circuit. 


Pic  2.254. —  I  T-E  overload  circuit  breaker.  In  operation:  the  current  from  one  side  of  the 
a mut  enters  the  circuit  breaker  at  A.  passing  through  the  laminated  bridge  B  to  con- 
tact block  C.  thence  through  coil  D  and  terminal  E  to  the  motor.  The  coil  D  sur- 
rounds a  magnetic  core,  having  pole  pieces  F  and  G  and  armature  H.  The  effect  of 
the  current  in  the  coil  is  to  energize  the  magnet,  thus  tending  to  htt  the  armature  against 
the  force  of  gravitation.  The  volume  of  current  required  to  trip  the  circuit  breaker 
is  determined  by  the  position  of  the  armature,  which  is  subject  to  ready  adjustment,  and 
is  indicated  on  the  calibration  plate  P.  Prom  the  opposite  side  of  the  line,  the  current 
enters  at  I,  passing  downward  through  the  laminated  bridge  member  J.  into  terminal  K. 
whence  it  parses  out  to  the  motor.  When  the  current  passing  through  the  circuit  breaker 
attains  sufficient  volume,  the  force  generated  by  the  magnetic  coil  overcomes  the  weight  of 
the  armature  H;  and  the  latter  is  drawn  upward  toward  the  pole  pieces  with  constantly 
increasing  force,  until  the  insulated  projections  L  and  M  strike  against  the  respective 
restraining  latches  N  and  O,  thereby  releasing  the  two  switch  members,  which  at  onceopen 
in  response  to  the  force  supplied  by  the  spring  of  the  contact  me-nbersand  auxiliary  springs 
provided  for  the  purpose.  Positivcness  in  opening  is  further  assured  by  the  blow  of  the 
armature,  which  is  added  to  the  other  opening  forces;  hence,  the  heavier  the  overload,  the 
more  violent  the  blow  and  the  quicker  the  circuit  breaker  opens;  or  the  greater  the  current 
the  more  promptly  it  is  interrupted.    This  is  the  I  T  E  or  Inverse  Tunc  Element  principle. 
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FlG.  2,255.— Condit  600  volt.  1.200  ampere, 
single  pole,  type  K,  circuit  breaker  with 
pull  down  handle. 


FlG.  2.256.— Condit  600  volt.  6.000  ampere, 
single  pole,  switch  board  mounting,  circuit 
breaker,  with  pull  down  handle. 


7^7  .•SxTM\ij 


Fig.  2^57.  — Gen- 
eral Electric 
triple  pole,  over- 
load,  circuit 
breaker,  with  two 
overload  coils, 
capacity  300  am- 
peres, 480  volts. 
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The  progressive  action  which  takes  place  during  this  operation  is  shown 
in  figs.  2,250  to  2,253  in  which  the  main  contacts  separate  first,  then  the 
intermediate,  and  finally  the  carbon  contacts  as  mentioned  before. 

Ques.  What  name  is  given  to  this  type  of  circuit 
breaker? 

Ans,    It  is  called  an  overload  circuit  breaker. 


2.258. — Parts  of  General  Electric  /  .000  ampere  650  volt  circuit  breaker.  A.  cover  for 
secondary  contact  bracket;  B.  spring  washer  for  Ea.;  C.  pin  for  links  and  G;  D.  spring 
for  carbon  support;  E,  plate  for  P;  P.  carbon  support ;  G,  secondary  contact  bracket;  H. 
contact  plate;  I,  screw  for  H;  I.  nut  for  K  and  w  ;  K.  contact  stud,  upper;  L.  laminated 
brush,  complete  with  support;  M .  leather  buffer  for  L ;  N.  main  link;  O,  pin  for  Na  and  La 
left  hand  and  Cb  and  Na  right  and  left  hand;  P.  screw  for  N  and  magnet  frame  shaft;  Q. 
washer  for  N  and  magnet  frame  shaft ^R.  screw  for  Sand  V;  S,  index  plate:  T\  plate  for  Gb; 
U,  screw  for  T;  V,  magnet  frame,  W,  contact  :tud.  lower;  X,  pin  for  Co.  Na  and  V:  Y, 
washer  for  X  and  O;  Z.  calibrating  screw  with  thumb  nut;  Aa,  armature  with  contact  plate; 
Ba.  catch  lever  complete  with  catch  Ca,  button  handle  for  Ba-  Da.  spring  cotter  for  Ea;  Ea, 
pin  for  P  and  Pa;  Fa,  operating  link  for  G;  Ga.  pin  for  D:  Ha.  carbon  holder  with  copper 
and  carbon  contacts;  la.  flexible  connections  for  G  and  F;  J  a,  screw  for  G  and  flexible 
connection  plate;  Ka.  screw  for  Na  and  Ha;  La.  copper  secondary  contact:  Ma.  screw  for 
La;  Na.  secondary  contact  lever;  Oa.  cross  bar  for  N a;  Pa.  screw  for  L  and  M:  Qa.  second- 
ary Toggle  hnk  (Wft  har.fi  | ;  Ra.  spr.ntf  cotter  for  W.i  and  O;  Sa.  brush  k-vcr:  Ta,  buffer  for 
Cb  and  Sa;  Ua.  secondary  toggle  link  (right  hand) ;  Va.  washer  for  Wa;  Wa,  pin  for  Cb, 
Qa.  L'a  and  N ;  Xa.  pin  for  Sa  and  Cv;  Ya.  spring  cotter  for  all  pins,  except  Wa,  catch  lever 
pin  and  buffer*  Za.  secondary  contact  link:  Ab,  washer  for  Pb;  Bb.  guard  for  Fb;  Cb. 
handle  lever;  Db.  catch  for  Cb;  Eb,  screw  for  Db;  Fb.  handle  with  stud;  Gb.  secondary 
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Automatic  Features. — There  are  three  methods  of  connect- 
ing the  winding  of  the  solenoid,  or  trip  coil  as  it  is  called: 


SPRING 


t 


UNDERLOAD 
TRIP 


MAIM  CIRCUIT 


SPRING 


PRESSURE^ 
COIL 


LOW  VOLTAGE. 
TRIP 


MAIN  CIRCUIT 


Figs.  2,259  to  2,262. — Elementary  diagrams  illustrating  the  various  methods  of  electro- 
magnetic control  for  circuit  breakers.  Fig.  2,259.  overload  trip;  6g.  2.260,  underload  tnp. 
««  2.201.  low  voltage  trip;  fig.  2.262,  control  from  auxiliary  circuit  by  means  of  a  "relay." 
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1.  In  series  with  the  main  circuit; 

2.  Jn  shunt  with  the  main  circuit; 

3.  In  shunt  with  an  auxiliary  circuit. 

SERIES  RESISTANCE 


JUIP- 


LOW  VOLTAGE 
COIL 


TRIPPING 

SWITCH 


Fig.  2.263— Diagram  of  General  Electric  low  voltage  trip  with  tripping  switch  normally  open. 

The  automatic  controls  arising  from  these  connections  give 
various  kinds  of  protection  to  the  circuit  and  are  known  as 

1.  Overload  trip; 

2.  Underload  trip; 

3.  Low  voltage  trip; 

4.  Auxiliary  circuit  trip. 

SERIES  RESISTANCE 


LOW  VOLTAGE  COIL 


TRIPPING 

SWITCH 


Pre.  2.264. — Diagram  of  General  Electric  low  voltage  trip,  with  tripping  switch  normally 


Ques.   What  is  the  object  of  the  overload  trip? 

Ans.    It  is  intended  to  open  the  circuit  when  the  current 
exceeds  a  n  redetermined  value. 
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Ques.  What  modifications  are  made  in  the  mechanism 
shown  in  the  elementary  diagrams? 

Ans.  Sometimes  a  latch  is  used  in  place  of  the  toggle  and  a 
magnet  in  place  of  the  solenoid  as  in  figs.  2,265  and  2,266. 

Ques.  Why  is  a  magnet  used  in  combination  with  2 
latch? 

Ans.    Because  with  this  arrangement  very  little  movement 


Figs.  2.265  and  2.266. — Circuit  breaker  with  automatic  control  mechanism  consisting  o* 
magnet  and  latch;  views  showing  breaker  in  open  and  closed  positions,  and  essentia] 
features.  The  toggle  is  used  to  obtain  sufficient  lcvcmge  to  easily  close  switch  against 
the  pressure  of  the  brush  contacts  but  not  to  lock  switch,  this  being  done  by  the  latch 
as  shown,  the  latter  closing  by  the  action  of  a  spring,  there  being  a  roller  R  at  the  end 
which  engages  the  arm  to  reduce  friction.   In  operation,  when  the  current  exceeds  a 

E redetermined  limit  the  magnet  attracts  the  latch  and  releases  the  contact  arm.  The 
rush  contacts  which  are  exerting  pressure  against  the  contact  arm,  rapidly  push  it 
away,  and  assisted  by  gravity,  the  arm  flies  open  to  the  position  shown  in  fig.  2,266. 

is  required  to  trip  the  breaker,  and  for  such  conditions,  a  mag- 
net is  more  efficient  than  a  solenoid. 

Ques.   How  does  the  latch  arrangement  work? 

Ans.  When  the  proper  current  is  reached,  the  magnet  pulls 
open  the  latch  and  the  contact  arm  of  the  breaker  moves  b*y  the 
force  of  gravity  or  other  means  and  opens  the  circuit. 
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Ques.    How  does  the  underload  trip  operate? 

Ans.  The  same  as  the  overload  type  except  that  they  operate 
>n  a  diminution  of  current  instead  of  an  excess. 


PRESSURE 
COIL 


}ic.%.  2.267  and  2.2<»8. — Positions  in  circuit  of  current  and  pressure  coils  of  circuit  breakers. 


Ques.    Describe  the  no  voltage  trip. 

Ans.  The  energy  for  the  trip  of  this  breaker  is  derived  from 
i  high  resistance  or  fine  wire  coil  which  is  arranged  to  be  placed 


2 ,269.—  Diagram  of  General  Electric  shunt  trip  with  coil  connected  beyond  breaker  and 
thrown  oat  ot  circuit  after  tapping. 


lirectly  across  the  line,  in  operation,  when  the  current  flowing 
hrough  the  circuit  falls  below  a  predetermined  valve,  the  energy 
<  the  coil  is  insufficient  to  counteract  the  force  of  a  spring,  which 
ben  trips  the  breaker. 
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Ques.   Describe  the  auxiliary  circuit  trip. 

Ans.  A  pressure  coil  is  used  which  is  energized  by  current 
from  an  auxiliary  circuit.  The  coil  is  only  momentarily  energized, 


3 


LINE 


CIRCUIT  OPENING 
 ^  ^  SWITCH 


SHUNT 
COIL 


TRIP 


TRIPPING 
SWITCH 


Flu.  2.270.    Diagram  of  fleneral  Electric  shunt  trip  with  auxiliary  circuit  opening,  switch  :a 
throw  coil  out  of  circuit  after  tripping. 


FlG.  2,271. — General  Electric  shunt  trip  at- 
tachment. The  shunt  trip  attachment  has 
been  dcM^ned  to  provide  for  conditions 
under  which  the  low  voltage  attachment 
cannot  be  successfully  applied.  It  resem- 
bles the  low  voltage  attachment  in  con- 
struction, but  differs  in  th  it  it  trips  the 
circuit  breaker  when  energised.  a  The  shunt 
trip-  shou'd  be  allowed  to  remain  only  mo- 
mentarily in  circuit;  hence  it  should  be  so 
connet  tcd  th  it  the  opening  of  the  circuit 
breaker  imnv  di-itely  disconnects  i*  from 
the  circuit.  Whenever  it  is  imi>os.sible  to 
connect  the  shunt  trip  in  this  manner,  the 
circuit  opening  auxiliary  switch  should  be 
used  in  connection  with  it. 


Fig.  2,272. — General  Electric  low  volui 
attachment  for  circuit  breakers.  Thin  I 
voltage  trip  is  designed  to  operate  t: 
circuit  breaker  when  the  line  voltage  dr.  < 
to  approximately  50  per  cent  or  less  of  tl 
normal  voltage.  It  should  be  noted  th; 
the  coil  is  always  in  circuit,  as  is  the  ca 
with  the  overload  and  underload  coils,  ar 
that  it  operates  with  the  releasing  of  i 
armature.  It  is  always  necessary  to  u 
a  fixed  amount  of  resistance  (dependu 
upon  the  voltage  of  the  system)  in  6eri 
With  the  low  voltage  release.  The  lo 
voltaKe  release  performs  the  functions  of 
shunt  trip  coil  when  used m  in  conjunctic 
with  a  push  button,  auxiliary  switch  « 
speed  limiting  device,  and  is  general 
preferred  to  the  shunt  trip  attachment. 
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by  push  button,  relay  or  other  control,  as  distinguished  from  the 
preceding  types,  in  which  the  coil  is  constantly  energized. 


Fic.  2.273 — Geaeral  Electric  circuit  opening  auxiliary  switch.  This  switch  opens  an  auxiliary 
circuit  when  the  circuit  breaker  opens,  and  is  intended  to  be  used  in  connection  with  a 
shunt  trip  attachment  to  insure  the  immediate  disconnection  of  the  shunt  coil  from  the 
circuit.  It  may  also  be  employed  to  serve  other  purposes,  such  as  tripping  another  circuit 
breaker  having  a  low  voltage  attachment,  and  permitting  another  circuit  breaker  to 
remain  closed  only  when  the  circuit  breaker  equipped  with  the  auxiliary  switch  is  open. 


Ques.  What  other  name  is  given  to  the  auxiliary 
circuit  trip? 

Ans.  It  is  sometimes  called  the  shunt  trip,  though  ill  ad- 
visedly so. 


i 


Pic.  2.274. — General  Electric  circuit  closing  auxiliary  switch.  This  switch  closes  when  the 
circuit  breaker  opens,  and  may  be  used  to  announce  the  automatic  opening  of  the  circuit 
breaker  through  the  means  of  an  indicating  lamp  or  an  alarm  bell.  It  is  often  necessary 
to  arrange  one  circuit  breaker  so  that,  in  opening,  it  will  trip  others.  This  may  be  accom- 
plished by  using  a  circuit  closing  auxiliary  switch  in  connection  with  a  low  voltage  or  shunt 
trip  attachment  on  the  circuit  breakers  to  be  tripped.  #  The  construction  of  this  type  of 
switch  is  such  that  it  may  be  opened  by  hand  after  the  circuit  breaker  jpens,  but  it  is  auto- 
matically reset  when  the  circuit  breaker  is  closed. 


Relays. — Oil  break  switches  and  carbon  break  circuit  breakers 
are  commonly  used  to  open  electrical  circuits  at  some  given 
overload  and  on  short  circuit.    To  secure  additional  protection 
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under  a  variety  of  abnormal  condition  or  to  provide  for  a  certain 
pre-determined  operation  or  sequence  of  operations,  relays  may 
be  employed. 

A  relay  is  defined  as:  A  device  which  opens  or  closes  an 
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auxiliary  circuit  under  pre-determined  electrical  conditions  in 
the  main  circuit. 

The  object  of  a  relay  is  generally  to  act  as  a  sort  of  electrical 
multiplier,  that  is  to  say,  it  enables  a  comparatively  weak  current 
to  bring  into  operation  a  much  stronger  current. 

Ques.    For  what  service  are  relays  largely  used  ? 

Ans.    They  are  employed  in  connection  with  high  voltage 


PlC  227ft. — Diagram  of  connection!  of  General  Electric  shunt  trip  coil  with  and  without 
circuit  opening  auxiliary  switch. 


switches  where  the  small  amount  of  energy  derived  from  an 
ordinary  instrument  transformer  is  insufficient  for  tripping. 

The  connections  between  relays  and  circuit  opening  devices  an?  usually 
electrical.  Combinations  of  this  nature  are  extremely  flexible  since 
they  permit  the  use  of  a  number  of  devices,  each  having  a  different 
function,  with  a  single  circuit  breaker  or  oil  switch  as  well  as  with  two 
or  more  switches,  to  secure  the  desired  operation  and  protection. 

Selection. — In  all  electrical  installations  protection  of  ap- 
paratus is  important,  but  in  some  large  central  stations  this  Is 
secondary  to  continuity  of  service, 
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To  combine  maximum  protection  without  interruptions  of 
service  is  not  always  possible,  but  these  requirements  can  be 
approximated  very  closely  by  the  use  of  reliable  and  simple 
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Pig.  3.073. — Diagram  of  connections  of  General  Electric  low  voltage 
with  speed  limiting  device  on  rotary  converter. 


coil 


controlling  or  protecting  devices  if  proper  care  be  taken  to  select 
the  relays  suited  to  the  special  conditions  of  the  installation. 
To  do  this  intelligently,  a  knowledge  of  the  various  types  of 
relay  is  necessary. 
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There  is  a  multiplicity  of  types  and  a  classification  to  be  com- 
prehensive, should,  as  in  numerous  other  cases,  be  made  from 
several  points  of  view.   Accordingly  relays  may  be  classified. 

1.  With  respect  to  the  nature  of  the  service  performed,  as 

a.  Protective; 

b.  Regulative; 

c.  Commu.niccit.ivc. 

2.  With  respect  to  the  operating  current,  as 

a.  Alternating  current; 

b.  Direct  current. 

3.  With  respect  to  the  manner  of  performing  their  function,  as 

a.  Circuit  opening; 

b.  Circuit  closing. 

4.  With  respect  to  the  operating  current  circuit,  as 

a.  Primary; 

b.  Secondary. 

5.  With  respect  to  the  abnormal  conditions  which  caused 
them  to  operate,  as 

a.  Overload; 

b.  Underload; 

c.  Over  voltage; 

d.  Low  voltage; 

e.  Reverse  energy; 
/.  Reverse  phase. 

6.  With  respect  to  the  time  consumed  in  performing  their 
function,  as 

a.  Instantaneous  (so  called); 

b.  Definite  time  limit; 

c.  Inverse  time  limit. 
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7.  With  respect  to  the  character  of  its  action,  as 

a.  Selective; 

b.  Differential. 

8.  With  respect  to  whether  it  acts  directly  or  indirectly  on 
the  circuit  breaker,  as 

a.  Main; 

b.  Auxiliary. 


Fig.  2.278.— Gcrcral  Electric  overload  and  low  voltage  tvpe  C  circuit  breaker  for  COO  volt* 
or  less.  It  has  one  overload,  and  one  low  voltage  coil  as  shown.  Screens  are  provided 
between  contacts. 

Protective  Relays. — These  are  used  to  protect  circuits  from 
abnormal  conditions  of  voltage,  or  current,  which  would  be 
undesirable  or  dangerous  to  the  circuit  and  apparatus  contained 
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Ques.   How  do  protective  relays  operate? 

Ans.  They  act  in  combination  with  automatic  circuit 
breakers,  operating  when  their  predetermined  setting  has  been 
reached,  energizing  the  trip  coil  of  the  circuit  breaker  and  open- 
ing  the  circuit. 


Fig.  2,279  shows  the  principles  of  relay  operation.  When  the  current 
or  pressure  in  the  main  circuit  reaches  the  predetermined  value  at 
which  the  protective  system  should  operate,  the  relay  magnet  attracts 


circuit,  thus  energizing  the  trip  coil  and  opening  the  breaker. 


the  pivoted  contact  arm  and  closes  the  auxiliary  circuit;  this  permits 
current  to  flow  from  the  current  source  in  that  circuit  and  energize  the 
trip  coil  thus  opening  the  main  circuit. 

Regulative  Relays. — This  class  of  relay  is  used  to  control 
the  condition  of  a  main  circuit  through  control  devices  operated 
by  a  secondary  circuit. 
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Ques.  For  what  service  are  relays  of  this  class  em- 
ployed? 

Ans.   They  are  used  as  feeder  circuit  or  generator  regulators. 

Ques.   How  do  they  differ  from  protective  relays? 

Ans.  They  have  differentially  arranged  contacts,  that  is  to  say, 
arranged  for  contact  on  either  side  of  a  central  or  normal  position. 


LOW  VOLTAGC 
RELEASE  COIL 

RESISTANCE 
PUSE 


Pic.  2,280. — Diagram  showing  a  railway  synchronous  converter  protected  by  a  single  polo  over- 
load circuit  "breaker  witfi  low  voltage  release  attachment  and  bell  alarm  switch, 
low  voltage  attachment  trips  the  breaker  on  failure  of  direct  current  voltage  aim 
speed  limit  device  closes.   Internal  troubles  are  token  care  of  by  the  alternating 
automatic  devices  (not  shown). 


Communicative  Relays.— These  are  used  for  signalling  in 
a  great  variety  of  ways  for  indicating  the  position  of  switching 
apparatus  or 
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A.G.  and  D.C.  Relays. — As  here  used,  the  classification 
refers  to  the  kind  of  current  used  on  the  auxiliary  circuit.  In 
some  cases  direct  current  is  used  to  energize  the  trip  gear  of  the 
circuit  breaker  or  oil  switch,  and  in  others,  alternating  current. 


STARTING 
COMPENSATOR 


MOTOR 


2.251. — Diagram  showing  three  phase  motors  protected  by  triple  pole  overload  circuit 
breaker*,  with  two  overload  coils,  also  one  overload  coil  and  low  voltage  release  coil.  The 
use  of  the  low  voltage  release  allows  the  breaker  to  be  tripped  from  a  distance  by 
of  a  short  circuiting  switch  or  push  button. 


A.C.  and  D.C.  relays  are  respectively  known  as  circuit 
opening  and  circuit  closing  relays,  being  later  fully  described. 

Circuit  Opening  Relays. — The  duty  of  a  circuit  opening 
relay  is  to  open  the  auxiliary  circuit,  usually  alternating  current, 
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and  thereby  cause  the  oil  switch  or  circuit  breaker  to  be  opened  by 
the  use  of  a  trip  coil  in  the  secondary  of  a  current  transformer,  or 
by  low  voltage  release  coil. 


The  trip  coil  of  the  breaker  is  generally  shunted  by  the  relay  contacts 
and  when  the  moving  contact  of  the  relay  disengages  from  the  sta- 


MAIN  CIRCUIT 


Fig.  2.282. — Diagram  illustrating  the  operation  of  a  circuit  opening  relay.    When  th relay 

contacts  are  in  the  normal  closed  position,  as  shown,  the  coil  is  snort  circuited.  l\hen  the 
predetermined  abnormal  condition  is  reached  in  the  main  circuit,  the  relay  contacts  are 
opened  with  a  quick  break,  sending  the  current  through  the  \rip  coil  momentarily,  and 
opening  the  breaker. 

tionary  contact,  the  current  from  the  transformer  which  supplies  the 
relay,  flows  through  the  trip  coil  thus  opening  the  breaker.  These 
features  of  operation  are  shown  in  fig.  2,282. 

Ones.   Where  are  circuit  opening  relays  chiefly  em- 
ployed ? 

Ans.    In  places  where  direct  current  is  not  available  for 
energizing  the  trip  coil. 
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Ques.  What  is  the  objection  to  alternating  current 
trip  coils? 

Ans.  They  have  relatively  high  impedance  and  impose  a 
heavy  volt  ampere  load  on  the  transformers. 

Circuit  Closing  Relays. — The  duty  of  a  circuit  closing 
relay  is  to  close  the  auxiliary  circuit  at  the  time  when  the  pre- 
determined abnormal  condition  is  reached  in  the  primary 
circuit.  The  closing  of  the  auxiliary  circuit  energizes  the  trip 
coil  and  opens  the  breaker. 


PlCS.  2.2S3  to  2.291 . — General  Electric  instantaneous  overload  circuit  opening  relays. covers 
removed^  Circuit  opening  relays  are  used  chiefly  in  those  casks  where  direct  current  for 
the  tripping  circuit  is  not  available.  Alternating  current  trip  coils  have  relatively  high 
impedance  and  impose  a  heavy  volt  ampere  load  on  the  current  transformers.  To  reduce 
this  load  during  normal  operation  the  circuit  opening  relay  is  frequently  used  and  is 
usually  necessary  where  instruments  and  meters  are  to  be  operated  on  the  same  current 
transformers  as  the  trip  coils  if  the  greatest  accuracy  be  required.  The  relay  contacts 
sa  the  normal,  closed  position,  short  circuits  the  trip  coil.  When  the  re'ay  operates  on 
overload  or  other  abnormal  condition  the  contacts  are  opened  \*  ith  a  quick  break,  send- 
sag  the  current  through  the  trip  coil  circuit  momentarily  and  tripping  the  switch.  With 
circuit  opening  relays,  the  trip  coils  of  the  oil  switch  must  be  set  to  trip  somewhat  lower 
than  the  setting  of  the  relay.  In  construction  the  relay  consists  of  a  solenoid  with  iron 
frame  forming  the  support  for  the  relay;  a  central  plunger  or  armature  of  special  con- 
ttruction  which  is  picked  up  or  released  bv  the  magnetic  action  of  the  solenoid;  a  plunjjer 
rod  which  actuates  the  relay  contacts,  which  are  mounted  on  an  insulated  base  usually 
lbove  the  soleniod;  a  tube  or  plate  for  the  calibration  marking  and  adjustment;  covers 
erf  glass  or  metal  to  keep  out  dust;  terminal  boards  with  points  corresponding  to  tagged 
leads  from  relay  coils  and  external  wiring  diagrams.  The  relay  contacts  are  oftwo  kinds, 
circuit  opening,  as  shown  above,  and  circuit  closing,  as  shown  in  fifjs.  2.202  to  2.300. 

Ques.  What  kind  of  current  is  generally  used  for  the 
auxiliary  circuit  of  a  circuit  closing  relay? 

Ass.    Direct  current. 
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Ques.   At  what  pressure? 

Ans.    From  125  to  250  volts. 

Ques.   Where  is  this  current  usually  obtained? 

# 

Ans.    From  a  storage  battery,  or  from  the  exciter. 

Ques.  For  what  current  are  the  contacts  ordinarily 
designed  ? 

Ans.    About  10  amperes. 


Fics.  2.292  to  2,300. — General  Electric  alternating  current  instantaneous  overload  circuit 
closing  relays,  covers  removed.  The  function  of  a  circuit  closing  relay  is  to  close  an 
electrical  circuit,  usually  direct  current,  through  a  trip  coil  on  an  oil  switch  or  circuit 
breaker,  or  it  may  short  circuit  a  low  voltage  release  coil,  and  thereby  open  the  oil  switch 
of  circuit  breaker  on  occurrence  of  the  condition  upon  which  the  relay  is  designed  to 
operate.  Direct  current  at  125  or  250  volts  taken  from  exciter  bus  bars  or  storage  bat- 
tery system  is  generally  used  for  the  tripping  circuit.  Circuit  closing  contacts  have  a 
cone  shaped  central  element  of  carbon  or  metal  which  makes  contact  with  flexible  contact 
fingers  symmetrically  arranged  above  the  cone.  These  contacts  will  make  and  break  a 
circuit  of  10  amperes  at  125  volts  without  the  use  of  auxiliary  circuit  opening  switches. 
Relays  are  made  with  two  or  three  contacts  for  connecting  one  side  of  a  direct  current 
circuit  through  one  or  two  separate  circuits,  or  trip  coils  respectively,  to  the  side  of  oppo- 
site polarity.^  Usually  Only  two  contacts  are  required.  Where  two  or  more  trip  coils 
are  used,  which  may  not  be  connected  permanently  in  parallel,  the  three  contact  relays 
are  selected  and  in  some  cases  four  contacts  furnished. 

Primary  and  Secondary  Relays. — Primary  relays  are  some- 
times called  series,  relays  as  they  have  the  current  coils  connected 
directly  in  series  with  the  line,  both  on  high  and  low  tension 
circuits. 

Secondary  relays  receive  their  current  supply  from  the  sec- 
ondary circuits  of  current  transformers.    Alternating  current 
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relays  connected  to  secondary  of  pressure  transformers  and 
relays  with  both  current  and  pressure  windings  are  included 
n  this  class. 

Ques.    What  is  the  usual  winding  of  the  coils? 

Ans.  The  current  coils  are  usually  wound  for  5  amperes  and 
the  pressure  coils  for  110  volts. 


7ic.  2.301. — Alternating  current  low  voltage  circuit  closing  low  voltage  relay,  for  600  volts 
or  leas.  The  contacts  are  similar  to  those  of  the  circuit  closing  overload  type  except  that 
they  are  inverted.  As  long  as  the  pressure  is  normal  the  contact  cone  is  held  above  the 
contacts.  When  the  pressure  falls  below  one  half  normal,  the  cone  and  plunger  rod  drop 
and  close  the  contact.  This  relay  does  not  pick  up  its  own  plunger.  The  plunger  rod 
is  pushed  up  by  hand  after  the  pressure  circuit  is  established.  Low  voltage  relays  are 
generally  used  in  connection  with  a  low  voltage  release  or  shunt  trip  coil  on  an  oil  switch 
or  a  circuit  breaker.  They  are  used  in  connection  with  motor  booster  sets  to  prevent 
a  disastrous  speed  of  the  booster  which  might  result  from  the  loss  of  alternating  current 
power.  They  are  also  sometimes  used  for  indicating  purposes. 


Ques.  What  refinement  is  made  in  the  design  of  relays 
ind  why? 

Ans.  Care  is  exercised  to  reduce  to  a  minimum  the  volt 
impere  load  imposed  by  the  relay  on  the  current  transformer 
x>  permit  the  use  of  unstranded  meters  and  relays  upon  the  same 
xansformer. 

The  use  of  circuit  opening  relays  to  cut  out  the  trip  coil  of  an  oil 
switch  during  normal  operation,  has  been  described,  and  in  the  short 
time  that  the  trip  coil  is  in  circuit,  it  docs  not  affect  the  accuracy  of  the 
instrument  readings.    This  practice,  however,  does  not  apply  in  th 


1,648 


HAWKINS  ELECTRICITY 


case  of  curve  drawing  meters,  voltage  compensators  or  other  devices 
which  have  in  themselves  sufficient  load  for  separate  current  trans- 
formers.  In  this  connection  it  should  be  noted  that  to  obtain  accurate 
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Pic.  2.302. — Condit  type  K  circuit  breaker  with  shunt  trip  and  no  voltage  attachment.  Tb» 
shunt  trip  is  usually  applied  as  an  auxiliary  to  other  types  of  trip.  It  consists  of  anne  winj 
coil  which  is  mounted  as  a  self-contained  part  of  the  breaker  and  which  when energized 
trips  the  circuit  breaker.    It  is  used  to  open  the  breaker  from  some  distant  poin  t.  and  th* 
coil  is  arranged  to  be  connected  across  the  line.    The  coils  are  so  arranged  that  the  circu 
breakers  will  operate  on  a  voltage  2'>%  above  or  2o%  below  normal.    T*he  shunt  trip  c.i 
is  not  intended  to  remain  across  the  line  and  should  be  only  momentarily  energixed.  Tlx 
no  voltage  trip,  receives  energy  from  a  high  resistanceor  fine  wire  coil  which  is  arranged  v 
be  placed  directly  across  the  line,  but  in  contradistinction  to  the  shunt  trip  type,  in  which  th< 
coil  is  momentarily  energized  to  trip  the  breaker,  the  no  voltage  coil  is  constantly  energiaed 
and  a  decrease  or  failure  of  pressure  trips  the  breaker.    It  can  be  used  as  a  remote  contra 
device  the  same  as  the  shunt  trip.    Its  general  use,  however,  is  to  cause  the  circuit  breaker 
to  open  when  the  voltage  of  the  line  fails  from  any  cause.    Its  use  is  recommeded  on  all 
motor  circuits,  as  it  affords  an  additional  protection  against  accidents,  for  if  the  unity! 
should  fail,  the  breaker  immediately  opens,  and  before  the  machine  can  start  again  the 
attendant  must  close  the  breaker.    It  will  not  work  for  the  protection  of  storage  battens 
or  of  motor  generator  sets  charging  storage  batteries,  as,  when  the  voltage  of  the  genera' 
fails,  the  voltage  of  the  battery  still  maintains  its  full  value.    The  action  of  the  cod  is  inde 
pendent  of  the  direction  of  flow  of  current;  it  simply  allows  the  breaker  to  stay  closed  « 
long  as  the  voltage  is  on  the  line  and  opens  the  breaker  when  the  voltage  on  the  line  ceases. 
No  voltage  circuit  breakers  are  normally  so  adjusted  that  they  will  not  release  until  ti« 
voltage  approaches  60%  ot  normal. 
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instrument  and  meter  readings;  the  current  transformers  should  not  be 
loaded  beyond  certain  limits  which  depend  upon  the  volt  ampere  load 
and  power  factor  of  each  of  the  connected  devices. 

So  great  is  the  variety  of  combination  used  and  the  variations  of 
these  factorsin  their  several  combinations  at  different  loads  and  settings, 
that  special  consideration  of  each  arrangement  is  advisable. 


2,303. — General  Electric  alternating  current  high  pressure  series  overload  relays  con- 
trolling 45.000  volt  oil  switches.  These  relays  are  connected  in  aeries  with  the  line.  If 
current  transformers  are  to  be  used  on  the  same  circuit  for  other  purposes,  and  have 
mmcient  capacity  to  supply  energy  for  operating  relay  coils,  then  secondary  relays  would 
be  more  economical,  otherwise  the  series  relays  are  much  less  expensive.  _  By  means  of 
a  specially  treated  wooden  rod,  the  relay  operates  a  tripping  switch,  closing  a  separate 
tripping  circuit,  usually  125  or  250  volts  airect  current.  Relays  and  switches  are  for 
tnoontmg  on  flat  surfaces.  Series  relays  are  essentially  the  same  as  secondary  relays 
except  in  the  coil  winding  and  insulation.  The  corrugated  horizontal  arms  which  carry 
the  relays,  as  shown,  are^  insulated  posts,  insulating  the  relays  from  the  ground.  The 
wood  rod  from  each  relay  is  connected  directly  to  a  tripping  shaft  on  the  oil  switch  which 
buckles  an  auxiliary  toggle,  thereby  opening  the  main  toggle  and  tripping  the  oil  switch. 


Overload  Relays. — Series  relays  are  connected  directly  in 
series  with  the  line  and  are  chiefly  used  with  high  pressure  oil 
break  switches  for  overload  protection.  If  current  transformers 
are  to  be  used  on  the  same  circuits  for  other  purposes,  and  have 
sufficient  capacity  to  admit  of  adding  a  relay  coil,  secondary 
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relays  would  be  more  economical; 
otherwise,  the  scries  relays  are  less 
expensive. 

By  means  of  a  specially  treated 
wooden  rod,  the  relay  operates  a 
tripping  switch,  closing  a  separate 
tripping  circuit,  usually  125  or  250 
volts  direct  current.  Series  relays 
are  essentially  the  same  as  second- 
ary relays  except  in  the  coil  wind- 
ing and  insulation. 

Underload  Relays. — These  an? 
similar  in  construction  to  low  volt- 
age relays  but  have  current  instea: 
of  pressure  windings. 

Over  Voltage  Relays. — Thes: 
are  usually  of  the  circuit  closin: 
type  and  are  similar  to  secondary 
overload  relays,  but  have  pressur: 
instead  of  current  windings. 

Low  Voltage  Relays. — Relay 
of  this  class  are  in  most  cases  usee 


Pig.  2.304. — ConditCOO  volt,  1.500  ampere  single  pole  back  connected  type  K  circuit  breaker 
motor  operated.  The  mechanical  and  electrical  features  of  the  circuit  breakers  are  no  differ- 
ent than  when  hand  operated,  the  only  difference  being  that  the  motor  is  used  for  the  operat 
ing  means.  This  motor  is  so  arranged  that  even  should  it  over  travel,  due  to  an  accident 
to  the  controlling  circuit,  it  cannot  produce  more  than  a  predetermined  strain  on  the  ci 
cuit  breaker.  In  other  words,  after  the  motor  has  closed  the  circuit  breaker,  further 
travel  of  the  motor  will  not  result  in  putting  a  strain  on  the  operating  parts.  Suitable 
motors  arc  supplied  for  this  service,  the  type  of  motor  varying  in  accordance  with  the 
character  of  the  operating  current  supplied.  The  advantage  of  this  type  of  electrical 
operation  is  that  itputs  very  little  strain  on  the  switch  mechanism,  takes  very  little  opera- 
ting current,  allows  the  use  of  standard  parts,  and  makes  an  extremely  substantial  ard 
flexible  structure.  Its  disadvantage  is  that  it  closes  slowly,  and  it  must  not,  therefore. 
be  used  in  places  where  quick  closing  is  essential. 
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for  the  protection  of  motors  in  the  event  of  a  temporary  weakening 
or  failure  of  the  pressure.  They  are  also  used  in  connection  with 
a  low  voltage  release  or  shunt  trip  coil  on  an  oil  switch  or  a 
circuit  breaker. 


Reverse  Energy  Relays. — The  chief  object  of  this  species  of 
relay  is  to  protect  the  generator.    When  so  used,  the  overload 


Pic  2.305- — General  Electric  direct  current  solenoid  control  relay.  Solenoids  for  operating 
Urge  switches,  etc..  frequently  require  comparatively  large  operating  currents  in  the 
"dosing"  coils.  This  necessitates  the  use  of  relatively  heavy  leads  between  the  control 
twitch  and  the  solenoid  and  is  the  cause  of  severe  arcing  at  the  control  switch,  especially 
with  solenoids  of  high  inductance.  These  objectionable  features  can  best  be  eliminated 
by  the  use  of  a  suitable  control  relay  located  near  the  solenoids.  The  control  relay  con- 
sists of  a  solenoid  plunger  and  switch,  the  latter  insulated  from  the  frame  of  the  relay. 
It  operates  satisfactorily  on  one-half  the  rated  voltage  and  requires  only  a  very  small 
operating  current.  The  terminals  of  the  switch  and  the  relay  coils  are  independent.  The 
relay  can  be  wound  for  operation  on  125,  250,  or  600  volt  circuits. 

adjustment  is  set  at  the  maximum  value  to  give  overload  pro- 
tection only  at  the  maximum  carrying  capacity  of  the  generator 
and  a  sensitive  reverse  protection  to  prevent  a  return  of  energy 
from  the  line. 
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Reverse  Phase  Relays. — This  type  of  relay  is  used  chiefly 
to  prevent  damage  in  case  of  reversal  of  leads  in  re-connecting 
wiring  to  two  or  three  phase  motors. 

Time  Element. — It  is  often  inconvenient  that  a  circuit 
breaker  should  be  opened  immediately  on  the  occurrence  of 
what  may  prove  to  be  merely  a  momentary  overload,  so  that 
time  lag  attachments  are  frequently  provided,  particularly  with 


Pig.  2.306. — Alternating  current  series  reverse  phase  sinRlc  pole,  circuit  closing,  two  contao 
relay  for  600  volts  or  less.  This  type  of  relay  is  used  chiefly  to  open  motor  circuits  fa 
elevators  to  prevent  damage  in  case  of  reversal  of  lends  in  reconnecting  wiring  to  tw 
or  three  phase  motors.    The  relay  is  provided  with  a  dust  proof  metal  cover. 

relays.  These  devices,  which  may  form  part  of  the  relay  01 
may  be  quite  distinct  from  it,  retard  its  action  until  the  overloac 
has  lasted  for  a  pre-determincd  time — several  seconds  or  more. 

Ques.    What  should  preferably  govern  the  time  lag: 

Ans.  It  should  depend  on  the  extent  to  which  the  overload  is 
reduced  as  the  time  elapses. 
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Instantaneous  Relays. — The  so  called  instantaneous  relays 
operate  almost  instantly  on  the  occurrence  of  the  abnormal 
'ition  that  they  are  to  control. 


There  is  of  course  a  slight  time  element  comparable  with  that  of  an 
overload  circuit  breaker,  but  for  practical  purposes,  the  operation  may 
be  considered  as  instantaneous. 


PIVOT 


2,307. — Electric  circuits  of  Condit  typo  "A  '  relay.  The  construction  is  described  in 
fig.  2309.  As  here  shown,  the  relay  is  not  in  operation,  but  should  the  current  passing 
through  the  coil  be  of  sufficient  value  to  cause  the  lower  movable  half  of  the  magnetic 
"  to  approach  the  upper  stationary  half  of  the  circuit,  the  rrliy  will  be  trans/mmed 
(/r  dinar  y  electromagnet  into  a  repulsion  motor.  The  contact  will  short  circuit  the 
of  the  armature  and  thus  cause  it  to  revolve,  the  speed  of  rotation  being  d  upend- 
on  the  amount  of  current  flowing  to  a  predetermined  point,  and  thereafter  the  speed 
ot  rotation  of  the  motor  remains  constant  irrespective  of  the  current  value.  Time  ad- 
justment: This  is  obtained  by  varying  the  distance  through  which  the  contact  travels, 
provision  being  made  whereby  adjustment  can  be  made  as  close  as  .1  of  a  second.  Cur- 
rent adjustment:  This  is  obtained  by  means  of  a  calibrated  spring.  Standard  relays  are 
calibrated  at  6.  8,  10,  and  12  amperes,  the  coils  being  designed  to  carry  five  amperes 
continuously,  with  a  temperature  nse  not  exceeding  So  Fahr.  Power  to  operate  relay : 
The  relay  requires  twenty  volt  amperes  for  its  operation  at  full  load;  the  influence  of  this 


type  of  relay  on  the 
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Time  Limit  Relays. — Under  this  classification  there  are  twc 
sub-divisions. 

1.  Definite  time  limit; 

2.  Inverse  time  limit. 


Fig.  2.308. — Characteristic  curves  of  Condit  type  A  selective  relay.  Curves  1.  2.  3,  and  4 
show  the  time  variation  of  this  relay  with  different  settings  at  the  various  current  values. 
The  relay  may  be  adjusted  to  trip  the  switch  at  any  point  represented  between  curves  * 
and  4.  This  relay  is  a  combination  of  an  inverse  time  limit  relay  and  a  definite  time  limit 
relay.  The  combination  of  the  characteristics  of  the  two  types  are  seen  in  the  curve, 
the  first  part  of  which  is  inverse,  and  the  latter  part  definite  from  a  point  of  three  or  four 
times  full  load  current.  This  combination  of  features  being  desirable  as.  for  instance, 
in  transmission  work,  particularly  where  it  is  necessary  to  use  circuit  breakers  set  selec- 
tively, as,  due  to  the  inverse  feature  of  the  curve,  the  relays  can  be  set  so  that  on  a 
moderate  overload,  they  will  require  the  proper  length  of  time  to  operate,  and  at  the 
same  time  will  operate  quickly  enough  on  heavy  short  circuits  to  prevent  dam  ice  to 
the  distribution  system  or  its  apparatus.  Duo  to  the  definite  feature  of  the  latter  part 
of  the  curve,  the  relays  of  the  varying  circuit  breakers  when  once  set  to  operate  at  diner  - 
ent  time  values  will  never  operate  simultaneously  irrespective  of  the  value  of  the  short 
circuit  current,  thus  tending  toward  continuity  of  service. 
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Ques.  Describe  the  time  mechanism  of  a  definite  time 
limit  relay. 

Ans.  It  consists  of  an  air  dash  pot,  and  an  air  diaphragm  or 
equivalent  retarding  device  connected  to  the  contact  mechanism. 

Ques.   How  does  it  operate? 

Ans.  In  some  designs,  when  the  contacts  are  released,  they 
descend  by  gravity  against  the  action  of  the  retarding  device 


Pic  2300.— Condit  type  "A"  selective  relay,  designed  for  use  with  circuit  breakers  where 

selective  or  discriminating  action  is  required.  Trie  circuits  and  connections  of  this  relay 
«re  illustrated  in  fig.  2.307,  and  its  characteristics  in  fig.  2,308.  In  construction,  the 
relay  consists  of  a  special  molar  with  a  short  circuited  armature  and  a  split  field.  Under 
normal  conditions,  the  fields  are  separated  from  each  other  and  the  motor  armature 
dees  not  revolve.  The  force  tending  to  pull  the  two  faces  of  the  field  together  is  opposed 
by  s  spring,  the  compression  of  which  determines  the  number  of  amperes  necessary  to 
cause  die  relay  to  begin  operation.  The  motor  structure  performs  the  whole  work  and 
the  motor  itself  unmeshes  and  meshes  the  gears  without  the  aid  of  any  external  device. 

thereby  making  contact  a  definite  interval  after  the  occurrence 
of  the  abnormal  condition. 

Ques.   How  does  the  inverse  time  limit  type  operate? 

Ads.    The  actuating  and  contact  mechanism  is  attached 
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directly  to  an  air  bellows  and  in  operation  tends  to  compress  the 
bellows  against  the  action  of  a  specially  constructed  escape 
valve  in  the  latter. 

Ques.  Why  is  the  arrangement  called  inverse  time  limit  ? 

Ans.    Because   the   retardation   varies  inversely  with  the 


Fig.  2.310. — Condit  type  "B"  time  limit  attachment,  designed  to  give,  sufficient  time  to 

allow  an  induction  motor  to  start  without  opening  the  circuit  breaker,  and  not  have  the 
circuit  breaker  trip  on  the  momentary  rush  of  current.  Its  action  la  inverse;  that  is. 
the  greater  the  current  the  less  time  it  takes  to  operate  and  is  so  arranged  that  four  to  five 
times  full  load  cum-nt  or  a  short  circuit  will  trip  the  circuit  breaker  instantly.  The 
time  limit  attachment  is  applied  directly  to  the  armature  which  trips  the  circuit  breaker 
and  is  adapted  for  the  so  called  primary  trip.  It  consists  of  an  air  vacuum  dash  pot 
with  a  graphite  piston,  the  dash  pot  being  fastened  to  the  stationary  calibrating  ring 
of  the  trip  coil  and  the  moving  outside  cylinder  is  fastened  to  the  armature  of  the  cir- 
cuit breaker.  When  the  current  reaches  a  point  where  it  overcomes  the  weight  of  the 
armature  and  lifts  the  same,  the  magnetic  force  tending  to  raise  the  armature  is  opposed 
by  the  vacuum  created  in  the  intmor  of  the  cylinder.  As  the  magnetic  force  continues* 
the  var-uum  is  overcome  due  to  the  leakage  of  air  past  the  plunger  and  the  armatun. 
gradually  moves  up  until  it  reaches  the  point  where  it  trips  the  circuit  breaker.  If  at 
any  point  of  the  armature  travel,  the  current  drop  back  to  normal,  the  armature  imme- 
diately resets  itself  by  means  of  a  ball  valve  in  the  top  of  the  brass  cylinder 
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pressure  on  the  bellows,  and  therefore  inversely  with  the  mag- 
nitude of  the  abnormal  condition. 

Ques.  What  other  device  may  be  used  to  retard  the 
Dperation? 

Ans.  A  damping  magnet  is  sometimes  used  which  acts  on  a 
disc  or  drum  and  which  may  be  adjustable. 


Pics.  2311  ar.d  2312. — General  Electric  alternating  current  low  pressure  series  overload 
relays.  Fig.  2.311.  instantaneous  time  limit  relay;  fig.  2.312.  inverse  time  limit  relay. 
These  relays  have  carbon  contacts  and  will  make  or  break  a  direct  current  circuit  of  10 
amperes  at.  125  volts  without  auxiliary  circuit  opening  switch.  They  are  used  where 
several  circuits  are  controlled  by  one  automatic  oil  break  twitch  or  one  shunt  trip,  over- 
load and  shunt  trip  or  low  voltage  release  carbon  break  circuit  breaker.  These  relays 
may  be  used  for  signal  purposes;  they  are  back  connected,  the  connections  can  be  seen 
in  the  illustrations. 

Ques.    How  is  the  inverse  time  element  introduced 
by  this  arrangement? 

Ans.  The  retardation  is  due  to  eddy  currents  induced  by 
moving  the  disc  or  drum  through  the  magnetic  field.  The 
reaction  thus  induced  varies  inversely  with  the  magnitude  of 
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the  force  with  which  the  disc  or  drum  is  urged  through  the  field 
and  hence  inversely  with  the  abnormal  condition. 

Ques.  What  are  the  ordinary  limits  of  adjustment 
for  inverse  time  limit  relays? 

Ans.  From  one-half  second  to  30  seconds,  depending  upca 
the  time  setting  and  magnitude  of  the  overload  current. 


PlCS.  2.313  to  2,321. — General  Electric  time  limit  overload  circuit  opening  relays  with  coves 
removed.  The  construction  of  this  relay  is  similar  to  that  of  the  inverse  time  limit  reU> 
except  that  it  has  a  compression  spring  interposed  between  the  plunger  and  diaphragm 
The  plunger  compresses  the  spring  and  further  motion  is  prevented  by  a  stop,  malm 
the  relay  practically  independent  of  the  amount  of  the  overload,  only  the  stored  ertenr 
of  the  spring,  if  the  overload  continue,  applies  power,  dependent  on  its  own  mechanic, 
strength,  to  the  diaphragm.  The  time  limit  therefore  becomes  practically  a  constafi 
for  any  given  setting  under  ordinary  conditions  of  overload  or  snort  circuit.  If,  ho* 
ever,  the  overload  come  on  slowly  so  that  th«  spring  is  not  fully  compressed  at  once,  tb; 
time  limit  will  vary  slightly.  If  the  scheme  of  selective  operation  make  it  necessary  t 
take  care  of  a  creeping  load  of  this  character,  two  relays  may  be  used  and  definite  turn 
limit  positively  secured.  In  this  case,  an  instantaneous  circuit  closing,  overload  refcr 
would!  be  used  and  a  definite  time  limit  relay,  provided  with  a  direct  current  coil  in  cr 
cuit  with  the  closing  contacts  of  the  first  relay.  The  time  limit  relay  would  be  of  the 
circuit  closing  type  and  control  a  direct  current  trip  coil  on  the  oil  switch. 

A  setting  of  from  two  to  six  seconds  is  ordinarily  used,  depending 
upon  the  requirements.  Where  selective  operation  is  desired  a  minimum 
setting  of  two  seconds  is  recommended. 

Differential  Relays. — In  this  type  of  relay  there  are  two 
electromagnets.  In  normal  working  these  oppose  and  neutralize 
each  other.    Should,  however,  either  winding  become  stronger 
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or  weaker  than  the  other,  the  balance  is  upset,  the  magnet 
energized,  and  the  relay  comes  into  operation. 

A  modification  of  such  a  relay  for  alternating  current  is 
shown  in  fig.  2,322,  from  which  it  will  be  seen  that  when  the 


Fx: 


.  2.322. — Differential  relay  transformer  and  reverse  current  circuit  breaker  discriminating 
device.  A  differential  relay  is  one  whose  electromagnet  has  two  windings.  In  normal 
working  these  oppose  and  neutralize  one  another.  Should,  however,  either  winding  become 
stronger  or  weaker  than  the  other,  the  balance  is  upset,  the  magnet  is  energized,  and  the 
relay  comes  into  operation.  A  modification  of  such  a  relay  for  alternating  current  is  here 
shown,  from  which  it  will  be  seen  that  when  the  currents  are  as  indicated,  the  circuit  A 
has  the  larger  pressure  induced  in  it,  whereas,  should  the  main  current  reverse  with  refer- 
ence to  the  shunt  current,  the  circuit  B  would  have  the  larger  induced  pressure. 


currents  are  as  indicated,  the  circuit  A  has  the  larger  pressure 
induced  in  it,  whereas,  should  the  main  current  reverse  with 
reference  to  the  shunt  current,  the  circuit  B  would  have  the 
Larger  induced  pressure, 
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house  wiring  and  busses  showing  location  of  relays. 
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*How  to  Select  Relays. — Trie  following  general  information 
Dn  relays,  together  with  reference  to  the  one  line  diagram, 
fig.  2,323,  will  be  of  interest  and  assistance  in  making  a  selection 
from  the  various  relays  previously  described  to  meet  the  require- 
m'mts  of  modern  power  house  and  sub-station  layouts. 

Single  pole  relays  are  used  on  single  phase  and  on  balanced  three 

phase  circuits. 

Double  pole  relays  are  used  on  ungrounded  three  phase  and  on 
quarter  phase 


Fig.  2-124  to  2.329. — General  Electric  inverse  time  limit  overload  circuit  closing  relays.  In 
this  type  of  relay  its  mechanism  is  so  designed  that  a  delay  or  lapse  of  time  in  opening 
the  circuit  breaker  after  a  pre-deter  mined  condition  of  the  circuit  has  been  reached,  de- 
pends on  the  flow  of  current,  that  is,  if  the  current  be  great,  the  time  will  be  small,  and 
v  the  current  be  of  a  moderate  value,  the  time  will  be  correspondingly  longer. 

Triple  pole  relays  are  used  on  three  phase  grounded  neutral  and 
interconnected  quarterphase. 

Circuit  closing  relays  are  recommended  in  all  cases  where  a  constant 
source  of  direct  current  is  available  for  operating  trip  coils. 

The  conditions  for  which  relays  have  been  designed  for  power  circuits 
may  perhaps  be  best  described,  by  considering  a  one  line  diagram  from 
the  generator  end  to  the  sub-station  auxiliary  machines  and  feeders. 

Considering  first  alternating  current  circuits,  the  prevailing  practice 
is  to  make  the  circuit  breakers  by  which  the  alternators  are  connected 
to  the  low  tension  bus  non - automatic ,  in  order  to  insure  minimum 
interruption  of  alternator  service.    The  chance  of  trouble  in  this  part 

•NOTE.— As  suggested  by  the  General  Electric  Co. 
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I 


of  the  circuit  is  remote,  but  should  it  occur,  the  station  attendant  could 
generally  open  the  circuit  breaker  before  the  machines  would  be  injured 
Reverse  current  relays  of  instantaneous  or  time  limit  types  aie 
often  connected  to  the  secondaries  of  current  and  of  pressure  trans- 
formers to  indicate  by  lamp  or  bell  any  trouble  that  may  occur  in  tfc 
generator  circuit. 

These  relays  operate  with  a  low  current  reversal  at  full  pressure  ani 
conversely  with  a  proportionally  greater  current  at  voltages  less  thai 
normal.  At  zero  pressure,  the  relay  would  act  as  an  overload  one,  s« 
for  high  overload.  At  zero  current,  a  voltage  considerably  in  excess  a 
normal  would  be  required  to  operate  it 


CIRCUIT 
BREAKER 


TO  BELL 


Pic  2.330. — Diagram  showing  two  phase  motor  or  feeder  circuit  protected  by  double 
double  coil,  overload  circuit  breaker  (or  two  single  pole  breakers  interlocked)  with 
alarm  switch. 


Specifications  sometimes  call  for  automatic  generator 
breakers:  in  this  case  definite  time  limit  overload  relays  are  used 
They  are  connected  in  the  secondaries  of  current  transformers 
and  are  designed  to  give  the  same  time  delay  for  all  trouble 
conditions;  they  allow  the  defective  circuit  to  be  opened,  if 
possible,  at  a  point  more  remote  from  the  generator  than  the 
generator  circuit  breaker. 
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When  the  total  generator  capa- 
city exceeds  the  rated  rupturing 
capacity  of  the  circuit  breakers,  one 
dt  more  sectionalizing  circuit  break- 
ers are  placed  in  each  bus. 

If  operating  conditions  admit,  these 
devices  are  made  non-automatic  and  are 
left  disconnected  except  in  case  of  emer- 
gency; but  if  it  be  necessary  for  them  to 
be  continually  in  service,  they  may  be 
made  automatic  by  means  of  instan- 
taneous overload  relays  connected  to 
current  transformers  in  the  low  voltage 
bus;  the  relays  being  adjusted  to  trip  the 
circuit  breaker  under  short  circuit  con- 
ditions, confining  the  trouble  to  one  sec- 
tion and  preventing  the  circuit  breakers 
rupturing  more  than  their  rated  capacity. 

Installations  with  but  one  bank 
of  power  transformers,  and  without 
high  voltage  bus,  are  provided  with 
automatic  circuit  breakers  operated 
by  an  inverse  time  limit  relay. 

The  relay  is  connected  to  the  second- 
aries of  current  transformers,  which  in 
turn  are  connected  in  the  low  voltage  side 
of  the  power  transformer. 

Stations  with  more  than  one  bank  of 
power  transformers,  a  high  voltage  bus, 
and  high  and  low  voltage  circuit  breakers, 
may  have  both  circuit  breakers  arranged 
to  trip  at  the  same  time  or  one  after  the 
other.  As  in  the  former  case,  they  are 
operated  from  the  inverse  time  limit  re- 
lay connected  in  the  low  voltage  side. 


FlG.  2,331. — Condit  600  volt, 
1,510  ampere,  single  pole  type 
K  circuit  breaker  pneumati- 
cally operated.  Itisthesameas 
the  electrically  operated  circuit 
breaker,  except  that  a  pneu- 
matic cylinder  mechanism  is 
supplied  in  place  of  either  the 
electromagnet  or  the  motor. 
This  cylinder  mechanism  is  so 


arranged  that  the  air  pressure 
kanly  on  the  cylinder  at  the  instant  of  operation.  At  all  other  times  the  air  pressure  is  shut 
off  by  means  of  a  control  valve.  The  kind  of  remote  control  to  be  used  depends  on  local 
conditions.  In  general,  the  hand  operated  remote  control  device  is  preferable  where  con- 
ditions are  such  that  it  can  be  used,  and  where  it  is  necessary  to  use  electrically  operated, 
the  motor  operated  type  is  recommended  if  conditions  be  euch  that  slow  closing  is  n— 
objectionable, 
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TO  RESPECTIVE  MAINS  OH  GENERATOR  SIDE  OT  APPARATUS 


SCHEME  OF  2  PHASE  4  WIRE  NO  V0LTA6E  CONNECTIONS 
TO  RESPECTIVE  MAINS  ON  GENERATOR  5IOE  Of  APPARATUS 
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Pigs.  2.332  and  2,333.— Dia- 
gram showing  two  phase 
lour  wire  no  voltage  con- 
nections for  I-T-E  circuit 
breaker.  The  two  no 
voltage  coils  for  two 
phase  four  wire  circuits 
are  connected  respective- 
ly to  binding  posts  B,  C 
and  A,  D  on  the  face  of 
the  base.  B  and  D  art- 
con  nected  to  lower  spring 
contacts  2*  and  1  respect- 
ively, of  the  small  dis- 
connecting switch.  (1  n 
instruments  supplied  on 
individual  bases,  thesr 
connections  are  made  in 
the  factory,  let  into 
channels  in  back  of  base 
and  covered  with  wax.) 
Each  of  the  upper  con- 
tacts a  and  b  of  the  dis- 
connecting switch  is  con- 
nected resoectively 
through  resistance  R2 
and  Rl  to  one  main  in 
each  phase  at  oa  and  bh. 
C  ana  A  are  respective! y 
connected  to  the  other 
main  in  each  phase  at  3 
and  4.  Thus  each  ot  the 
no  voltage  coils  operates 
across  one  phase  inde- 
pendent of  the  Other. 
The  terminals  3,  ma.  bb 
and  4,  must,  in  all  cases, 
be  so  connected  that  thev 
will  be  subject  to  the 
full  voltage  of  the  circuit, 
irrespective  of  the  posi- 
tion of  the  starting 
switch. 
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TO  RESPECTIVE 


Pits.  2.354  and  2335.— -Dia- 
gram showing  two  phase 
three  wire  no  voltage  con- 
nections for  I-T-B  circuit 
breaker.  The  two  no  volt- 
age coils  for  two  phase, 
three  wire  circuits  are  con- 
nected respectively  to  bind- 
ing posts  B.  C  and  A  D  on 
the  face  of  the  base,  and 
i i uui  g\  mjwx  conr 'on ions 
arc  made  to  tower  contacts 
2  and  1  respectively  of  the 
disconnectingswitch.  Bind- 
ing posts  B  and  D  are  con- 
nected together  on  the 
back  of  the  board.  (In 
instruments  supplied  on 
individual  bases,  these  con- 
nections are  made  in  the 
factory,  let  into  channels 
in  back  of  base  and  cov- 
ered with  wax.)  Each  of 
the  upper  contacts  a  and  b 
is  Conner  ted  respectively 
through  r>  -ust-in.  c  R  J  and 
Rl  to  one  of  the  mains  at 
ca  and  bh  as  shown.  D  is 
connected  through  resist- 
ance R3  to  the  common 
wre  of  both  phases  at  3  B 
and  D  being  connected  as 
aforesaid,  thus  forming  a 
common  connection  for 
both  no  voltage  coils.  Ter- 
n;ni!i  a*  an  1  f-h  of  the 
n-  vni'-'  fi  i  mut  bl  con- 
nected to  the  outside  main 
across  the  two  phases,  ter- 
minal 3  to  the  main  com- 
mon to  both  phases,  the 
connections  being  so  made 
that  these  terminals  will  be 
subject  to  the  full  voltage  of 
the  circuit  irrespective  of 
the 
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GENERATOR 


OF  3  PHASE  NO  VOLTAGE  CONNECTIONS 


TOR  SIDE  OF 

APPARATUS 


FlG.  2,336  and  2,337. —  Diagram 

connections  I  or  i-i-e.  circuit 
breaker.  The  no  voltage  coils 
for  three  phase  circuits  are  con- 
nected in  A  by  means  of  bind- 
ing posts  A,  B.  C  and  P  on  the 
face  of  the  base,  and  from  the 
A  and  B  of  the  no  voltage  coils, 
connections  are  made  respect- 
ively to  spring  contacts  1  and 
2  of  the  small  disconnecting 
switch.    Each  of  the  contacts 
a  and  b  of  the  disconnecting 
switch  is  connected  respect- 
ively through  resistance  R2  and 
Rl  to  one  of  the  mains  at  aa 
and  bb.    The   terminal  C  is 
connected  through   re  sir  tunc  e 
R3  on  the  back  of  the  hoard  to 
the  middle  main  as  shown  at 
point  3.    The  terminal  D  is 
linked  on  the  back  of  the  board 
to  terminal  B  to  complete  the 
A  connection.    The  terminals 
aa,  bb  and  3  of  the  circuit 
breaker  must,  in  all  cases,  be  so 
connected  that  they  will  be  sub- 
ject to  full  voltage  of  the  circuit 
irrespective  of  the  position  of 
the  starting  switch.    Each  no 
voltage  coil  is  supplied  with 
two  terminal  wires,  one  cov- 
ered with  green  and  one  with 
black  insulation.    In  replacing 
these   coils    particular  care 
should  be  taken  to  see  that  the 
terminal  wires  connected  to  any 
one  binding  post  are  of  unlike 
color. 
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In  plants  in  which  two  or  more  banks  of  transformers  are 
operated  in  parallel  between  high  and  low  voltage  busses,  it  is 
desirable  to  have  for  each  transformer  bank,  an  automatic 
circuit  breaker  equipment  which  will  act  selectively  and  dis- 
connect only  the  bank  in  which  trouble  may  occur.  With  a 
circuit  breaker  on  each  side  of  transformer  bank,  selective 
action  may  be  secured  in  two  ways  as  follows: 

1.  By  means  of  an  instantaneous  differential  relay  connected 
in  the  secondaries  of  current  transformers  installed  on  both  the 
high  and  low  voltage  sides  of  each  transformer  bank. 

The  relay  operates  on  a  low  current,  reversal  on  either  side  of  the  bank. 

2.  By  means  of  one  inverse  time  limit,  secondary  or  series 
relay  installed  on  that  side  of  the  transformer  bank  which  is 
opposite  the  source  of  power,  the  relay  being  arranged  to  trip 
both  the  high  and  low  voltage  circuit  breakers. 

The  first  method  has  the  disadvantage  of  high  first  cost  due  to  the  high 
voltage  current  transformers  required,  but  is  more  positive  than  the 
second  method  and  is  independent  of  the  number  of  transformer  banks 
in  parallel. 

The  second  method  is  the  less  expensive  of  the  two  and  protects 
against  overloads  as  well  as  short  circuits  in  the  transformers,  but  it 
is  less  positive  and  introduces  delay  in  the  disconnection  of  the  trans- 
former when  trouble  occurs.  Furthermore,  it  is  not  selective  when  less 
than  three  banks  are  operating  in  parallel. 

The  automatic  circuit  breakers  in  the  outgoing  line  may  be 
operated  from  inverse  time  limit  relays  connected  in  the  sec- 
ondaries of  current  transformers;  or  in  case  transformers  are 
not  necessary  for  use  with  instruments,  series  high  voltage  inverse 
time  limit  relays  connected  directly  in  the  line  may  be  used. 

Whether  to  select  current  transformers  with  relays  insulated 
or  low  voltage,  or  to  choose  series  relays,  is  a  question  of  first 
cost  and  adaptability  to  service  conditions.    Below  33,000  volts* 
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the  commercial  advantages  in  favor  of  the  series  relay  are  slight, 
and  since  it  is  somewhat  difficult  to  design  this  device  for  the 
large  current  capacities  met  with  at  the  lower  voltage,  it  : 
generally  the  practice  to  use  the  relay  with  current  transformer, 
because  of  its  operating  advantage.  This  practice,  however,  i> 
not  entirely  followed,  since  some  service  conditions  (describe' 
later)  make  the  use  of  series  relays  very  desirable  and  practical 


Pics.  2.338  and  2,339. — General  Electric  instantaneous  direct  current  reverse  current  or  *'< 
criminating"  relays.  Pig.  2.23s.  for  500 amperes;  fig.  2.339  for  2.000  amperes, 
relays  are  designed  for  mounting  directly  on  circuit  breaker  studs.  These  relays  con  sis 
of  a  horseshoe  magnet  with  a  shunt  wound  armature  pivoted  between  its  tales.  The  maftm- 
is  mounted  on  the  current  carrying  stud  of  the  circuit  breaker  between  the  back  < 
the  panel  and  the  first  contact  or  supporting  nut.  and  is  placed  in  a  vertical  position.  Th 
contacts  are  insulated  from  the  magnet  permitting  the  use  of  an  auxiliary  circuit  for  th 
tripping  device,  independent  of  the  circuit  controlled  by  the  circuit  breaker.  The  magn< 
is  excited  by  the  current  flowing  through  the  stud,  and  the  armature  is  connected  across  th 
line  in  scries  with  suitable  resistance.  Rotation  of  the  armature  in  the  normal  direction  i 
prevented  by  a  stop.  Reversal  of  the  current  flowing  through  the  stud  changes  the  dire, 
tion  in  which  the  armature  tends  to  rotate,  causing  it  to  move  away  from  the  stop  and  cloa 
the  circuit  through  an  auxiliary  trip  coil  and  trip  the  circuit  breaker.  These  relays  ar 
used  to  protect  dynamos,  storage  batteries,  or  main  station  busses  from  damage  on  rt 
versal  o/  current  due  to  short  circuit,  or  from  the  grounding  of  machines  or  connectiot 
Relav  contacts  must  not  be  used  to  open  the  shunt  trip  coil  circuits.  An  auxiliary  switr 
should  be  provided  for  this  purpose  in  all  cases  where  the  opening  of  the  circuit  break*: 
does  not  disconnect  the  trip  coil  from  the  source  of  supply. 

Inverse  time  limit  relays  are  satisfactory  for  one,  or  mor 
than  two  outgoing  lines  in  parallel  as  they  act  selectively  to  dis 
connect  the  defective  line  only,  but  installations  with  only  tw> 
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outgoing  lines  in  parallel  have  the  same  load  conditions  in  both 
lines  and  selective  tripping  of  the  circuit  breakers  in  the  defective 
line  is  obtained  by  means  of  a  selective  relay  acting  instanta- 
neously under  short  circuit  conditions  only. 

The  relay  design  and  action  is  similar  to  the  reverse  current  relay 
previously  mentioned,  and  is  connected  to  the  secondaries  of  current 


he  2.340. — General  Electric  direct  current,  reverse  current  relay,  used  to  protcit  dynamos, 
storage  batteries,  or  main  station  busses  from  damage  on  reversal  of  current  due  to  short 
circuits  or  from  the  grounding  of  machine  or  connections.  It  is  mounted  on  vertical  bus 
bars  as  in  the  case  of  cables,  on  the  side  wall,  or  other  flat  surface,  and  the  cables  threaded 
through  the  frame.  When  used  to  trip  a  circuit  breaker,  the  breaker  is  provided  with  a 
shunt  trip  connected  across  the  circuit,  the  tripping  circuit  being  closed  through  the  relay 
contacts  on  the  occurrence  of  sufficient  reverse  current  to  lift  the  relay  armature.  The 
relay  is  either  instantaneous  or  time  limit  as  desired.  In  the  time  limit  relay,  the  time 
interval  is  obtained  by  the  leather  bellows  shown  in  the  illustration.  The  time  setting  can  be 
varied  within  certain  limits  by  means  of  a  valve  on  the  bellows  outlet.  The  operation  of 
the  relay  depends  on  the  relative  value  and  direction  of  magnetic  flux  set  up  by  a  pressure 
coU,  shown  in  the  illustration,  and  the  current  in  the  vertical  bars.  Under  normal  condi- 
tions these  fluxes  are  in  the  same  direction  and  circulate  around  a  closed  magnetic  circuit. 
When  the  current  in  the  bars  reverse,  the  two  fluxes  oppose  each  other  and  force  flux 
through  the  normally  open  leg  of  the  magnetic  circuit.  When  the  reversal  of  current  is  of 
predetermined  value,  the  relay  armature  is  lifted  and  the  purpose  of  the  relay  accomplished. 

transformers  in  each  high  voltage  line  and  pressure  transformers  in  the 
low  voltage  bus. 

In  the  sub-station,  the  conditions  are  the  reverse  of  those  in  the 
main  station,  the  incoming  lines  becoming  the  source  of  power. 

If  there  be  only  one  incoming  line  and  no  high  voltage  bus,  the  line 
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circuit  breaker  is  generally  non-automatic.  With  one  incoming  line 
and  high  voltage  bus,  the  circuits  from  the  service  side  of  the  bus  arc 
equipped  with  automatic  circuit  breakers  and  relays.  These  relays  and 
those  used  for  other  arrangements  of  two  or  more  incoming  lines  in 
parallel,  as  well  as  high  and  low  voltage  circuit  breakers,  are  of  the  same 
design  and  are  applied  in  the  same  manner  as  for  the  generating  station. 

Regarding  the  relay  equipments  for  auxiliary  machines,  the  same 
practice  is  recommended  with  the  generator  end  of  alternating  current 
motor  generator  sets  as  with  the  main  generators,  the  outgoing  feeder  cir- 
cuit breakers  being  tripped  from  inverse  time  limit  or  instantaneous  relays. 


Pig.  2,341. — General  Electric  direct  current  differential  relay  for  balancer  set;  instantaneous. 
500  (or  less)  volt  type  for  mounting  on  panel.  In  many  power  plants  direct  current, 
three  wire,  power  service  is  furnished  by  "high  voltage"  two  wire  dynamos  operating 
in  connection  with  balancer  sets  consisting  of  two  "low  voltage"  machines  on  a  common 
shaft.  With  this  combination  of  machine,  a  short  circuit  or  heavy  overload  on  one  side 
of  the  system  will  shift  the  neutral  considerably,  and  the  lamps  on  the  opposite  side  may 
"burn  out. "  To  protect  the  lamps,  a  differential  relay  operating  on  15  volts  unbalancing, 
is  commonly  used ;  it  is  connected  to  trip  either  the  dynamo's  circuit  breakers  (or  a  circuit 
breaker  connected  in  the  bus  between  the  balancer  set  and  the  other  dynamos). 


With  several  synchronous  machines  in  parallel,  the  relays  are  arranged 
to  operate  with  the  least  time  delay  with  which  it  is  possible  to  get 
selective  action,  in  order  to  prevent  the  machines  being  thrown  out  of 
step  in  event  of  trouble  conditions  causing  a  decrease  of  voltage. 

The  various  types  of  induction  motor  and  various  conditions  under  which 
.  they  are  employed,  have  brought  about  the  development  of  several  types 
of  relay  to  protect  the  motors  and  the  apparatus  with  which  they  are  used. 

It  is  desirable  to  disconnect  a  large  motor  in  case  of  voltage 
failure,  and  with  conditions  requiring  either  a  motor  operated, 
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or  a  solenoid  operated  circuit  breaker,  a  low  voltage  relay  is 
used  to  close  the  tripping  circuit  whenever  the  voltage  decreases 
to,  approximately,  50  per  cent,  below  normal. 

Up  to  550  volts,  these  relays  may  be  connected  across  the  line,  but 
for  higher  voltages  they  are  connected  to  secondaries  of  pressure 
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Pic  2,342. — Condit  time  limit  relay,  designed  primarily  for  use  in  connection  with  feedei 
circuit*,  where  close  selection  or  discrimination  of  circuit  breakers  is  not  required.  It  may 
be  used  satisfactorily  on  lighting  and  power  circuits  and  also  where  there  are  sudden,  mo- 
mentary fluctuations  of  current.  This  r^lay  is  used  in  connection  with  series  transformers. 
The  contact  arrangements  are  provided  so  that  the  relays  maybe  used  as  circuit  closing  or 
circuit  opening  relays.  The  delayed  action  is  produced  by  an  air  vacuum  dash  pot  with  a 
graphite  piston.  The  piston  of  the  dash  pot  is  connected  to  an  arm  arranged  to  be  moved 
by  the  armature.  When  the  current  reaches  a  point  where  it  overcomes  the  weight  of  the 
armature  and  lifts  the  same,  the  magnetic  force  tending  to  lift  the  armature  is  opposed  by 
the  pull  of  the  vacuum  created  in  the  interior  of  the  shell  into  which  fits  the  graphite  piston. 
As  the  magnetic  pull  continues  the  vacuum  is  overcome  due  to  the  leakage  of  air  past 
the  piston,  and  the  armature  gradually  moves  until  it  reaches  a  point  where  it  causes  the 
circuit  breaker  to  trip,  either  by  closing  thecontacts  in  the  circuit  closing  type,  or  by  open- 
ing the  contacts  in  the  circuit  opening  type.  If,  at  any  portion  of  its  travel,  the  current 
drop  to  normal,  the  armature  immediately  resets.  The  time  adjustment  consists  of  an 
arrangement  whereby  the  distance  through  which  the  armature  moves  before  tripping  the 
breaker,  may  be  changed,  thus  altering  the  time  of  tripping.  The  current  adjustment  is 
made  by  changing  the  elective  turns  of  the  actuating  cotl.  the  travel  of  the  armature  and  the 
force  exerted  by  it  being  the  same  for  all  current  adjustment.  The  winding  is  designed 
to  carry  5  amperes  continuously  with  a  temperature  rise  not  exceeding  68*  Fahr.  standard 
calibration  is  provided  to  that  the  relay  will  start  to  operate  at  5, 6.  8  and  12  amperes. 
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transformers.  Smaller  motors  with  which  hand  operated  circuit  breakrrs 
are  used,  are  generally  provided  with  low  voltage  release  attachments 
that  perform  the  same  function  as  the  relay.  • 

Induction  motors  are  sometimes  subjected  to  high  voltage 
conditions  and  to  protect  them  from  injury,  high  or  excess 
voltage  relays  are  employed  to  trip  the  automatic  circuit  breaker. 


6         10         12         14         H>         18         20       22  24 
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Pic  2,343. — Characteristic  curves  of  Condit  time  limit  relay  as  illustrated  in  flg.  2  342.  Set- 
tings: curve  A,  5  amperes;  curve  B,  6  amperes;  curve  C, 8  amperes;  curve  D,  12  amperes. 

These  relays  are  of  similar  design  and  wired  in  the  same  manner 
as  the  low  voltage  relays. 

Reverse  phase  relays  have  been  developed  for  operating  con* 
ditions  under  which  a  reversal  of  phase  would  cause  trouble, 
as  for  example,  in  the  case  of  elevator  motors. 

These  are  so  designed  that  any  phase  reversal  that  would  reverse  an 
induction  motor,  would  oj>erate  the  relay  and  disconnect  the  automatic 
circuit  breaker. 

The  design  is  based  on  the  principle  of  the  induction  motor,  and  in 
the  case  of  low  voltage  motors  of  limited  capacity,  the  relay  may  be 
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connected  in  series  in  the  motor  leads.  If  the  voltage  or  capacity  of 
the  motor  make  this  arrangement  inexpedient,  the  relay  may  De  placed 
in  the  secondaries  of  current  or  pressure  transformers  connected  in  the 
motor  leads. 

Underload  relays  are  often  used  to  trip  the  automatic  circuit 
breaker  that  is  placed  in  the  primaries  of  arc  lighting  circuits  to 
prevent  an  abnormal  rise  of  secondary  voltage  in  case  of  a  break 
in  the  secondary  circuit. 


Fig.  2.344. — Diagram  showing  storage  battery  and  charging  dynamo  protected  by  double 
pole  ainfile  coil  underload  circuit  breaker.  In  operation,  the  circuit  breaker  discon- 
nects the  battery  when  fully  charged,  and  protects  the  dynamo  from  reverse  current. 


The  underload  relay  is  similar  in  design  to  the  low  voltage  relay  ex- 
cepting that  it  acts  on  a  decrease  of  current. 

The  problem  of  protecting  induction  motors,  from  injury, 
that  may  result  from  running  on  single  phase,  or  from  an  over- 
load, and  at  the  same  time  permit  the  motor  to  be  started  with 
the  necessarily  high  starting  current  that  may  be  greatly  in 
excess  of  the  overload  current,  has  caused  the  development  of 
the  series  relay. 
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This  device  may  be  connected  in  series  with  the  motor  leads  for 
voltages  up  to  2,500;  it  is  designed  with  an  inverse  time  limit  device 
which  may  be  adjusted  to  give  the  desired  protection. 


The  field  for  relays  is  more  extensive  for  alternating  current 
than  for  direct  current  power  circuits,  the  latter  being  gener- 
ally confined  to  much  smaller  and  simpler  systems  and  areas 
of  distribution,  and  generally  sufficient  selective  action  can  be 


W/AW 


Pic.  2.34$. — Diagram  showing  three  wire  dynamo  protected  by  double  pole  double  coil  over- 
load circuit  breaker  (or  two  single  pole  breakers  with  interlock)  with  bell  alarm  switches. 
Complete  protection  is  secured  as  breaker  is  connected  between  armature  and  series  field. 


obtained  by  the  use  of  fuses  or  circuit  breakers  arranged  with 
instantaneous  trip. 

Operating  conditions  sometimes  make  it  advisable  for  the 
generator  circuit  breakers  to  open  only  after  the  auxiliary  and 
feeder  circuit  breakers  have  failed  to  isolate  the  trouble. 
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This  is  accomplished  by  using  direct  current  series  inverse  time  limit 
relays  to  trip  the  generator  circuit  breakers. 

Instantaneous  reverse  current  relays  are  used  to  trip  the 
machine  circuit  breaker  of  battery  charging  sets,  rotaries  and 
motor  generator  sets  to  prevent  their  running  as  a  motor  on  the 
charging  or  direct  current  end.  These  relays  can  act  only  in 
case  of  current  reversal. 

To  prevent  serious  unbalancing  of  voltages  in  Edison  three- 
wire  systems  causing  trouble,  differential  balance  relays  are 
used  to  trip  the  circuit  breakers  on  a  small  percentage  of 
unbalancing. 

■ 
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CHAPTER  LIX 

LIGHTNING  PROTECTION  DEVICES 

Lightning  protection  devices,  or  lightning  arresters,  are 
evices  for  providing  a  path  by  which  lightning  disturbances 
r  other  static  discharges  may  pass  to  the  earth. 

Lightning  arresters,  designed  for  the  protection  of  trans- 
nission  lines,  must  perform  this  function  with  a  minimum 
Tipairment  of  the  insulation  of  the  lines. 

In  general  the  construction  of  lightning  arresters  comprise 

1.  Air  gaps; 

2.  Resistances; 

3.  Inductances; 

4.  Arc  suppressing  devices. 

i 

Ques.  What  are  the  causes  of  static  charges? 

Ans.  They  may  be  caused  by  sandstorms  in  dry  climates, 
*r  may  be  due  to  grounds  on  the  high  pressure  side  of  a  system. 

Ques.  What  causes  high  frequency  oscillations  ? 

Ans.   They  are  usually  due  to  lightning  discharges  in  the 
ricinity  of  the  line. 

Ques.  What  are  the  requirements  of  lightning  pro- 
tection devices  ? 

Ans.   They  must  prevent   excessive   pressure  differences 
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between  line  and  ground,  line  and  line,  and  between  condtictc 
turns  in  the  electrical  apparatus. 


Air  Gap  Arresters. — A  method  of  relieving  any  abnonna 
pressure  condition  is  to  connect  a  discharge  air  gap  betweei 
some  point  on  an  electric  conductor  and  the  ground.  Ths 
resistance  thus  interposed  between  the  ground  and  the  cor* 
ductor  is  such  that  any  voltage  very  much  in  excess  of  th- 
in aximum  normal  will  cause  a  discharge  to  ground,  wherea 
at  other  times  the  conductor  is  ungrounded  because  of  the  ai 
gap.  This  forms  the  principle  of  air  gap  arresters. 

> 
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N0N-ARONG  METAL  CYLINDERS 

PlG.  2,349. — Non-arcing  xnultigap  arrester.  Based  on  the  principle  of  employing  for  thi 
terminals  across  which  the  arc  is  formed,  such  metals  as  are  least  capable  of  maintaining  az 
alternating  arc  between  them.  This  so  called  non-arcing  property  of  certain  metal- 
was  discovered  by  Alexander  Wurtz.  The  action  is  such  that  the  "line  current "  whid 
follows  the  lightning  discharge  follows  as  an  arc.  but  is  stopped  at  the  end  of  one  alter- 
nation because  of  the  property  of  the  non-arcing  metals  to  carry  an  arc  in  one  direction, 
but  requiting  an  extremely  high  voltage  to  start  a  reverse  arc  The  non-arcing  metals 
ordinanly  employed  are  alloys  of  zinc  and  copper.  Plain  multi-gap  arresters  as  here 
shown  operate  satisfactorily  with  the  smaller  machines  and  on  circuits  of  limited  power, 
but  for  large  machines  of  close  regulation,  and  therefore  of  very  large  momentary  over- 
load capacity,  especially  when  a  number  of  such  are  operated  in  parallel,  such  arresters 
were  found  insufficient,  the  bne  current  following  the  lightning  discharge  frequently  was  so 
enormous  that  the  circuit  did  not  open  at  the  end  of  the  half  wave,  that  is  the  arrester 
held  the  arc  and  was  destroyed.  The  introduction  of  synchronous  motors  made  it  neces- 
sary that  the  arc  should  be  extinguished  immediately,  otherwise  the  synchronous  motors 
and  converters  would  drop  out  of  step,  and  the  system  would  in  this  way  be  shut  down- 
To  insure  the  breaking  of  the  arc,  resistance  was  introduced  in  the  arrester,  the  modified 
device  being  known  as  the  low  equivalent  arrester  as  shown  in  fig.  2.35a 

The  single  gap  while  adequate  for  telegraph  line  protection, 
was  found  insufficient  for  electric  light  and  power  circuits, 
because  since  the  current  in  such  circuits  is  considerable  and 
usually  at  high  pressure  it  would  follow  the  lightning  discharge 
across  the  gap.    Thus  the  problem  arose  to  devise  means  for 
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hort  circuiting  the  line  current  resulting  in  various  modifica- 
ions  of  gap  arrester. 


Multi-gap  Arresters. — The  essential  elements  of  an  arrester 
f  this  type  are  a  number  of  cylinders  spaced  with  a  small  air 
:ap  between  them  and  placed  between  the  line  to  be  protected 
nd  the  ground,  or  between  line  and  line. 

In  operation,  the  multigap  arrester  discharges  at  a  much 
Dwer  voltage  than  would  a  single  gap  having  a  length  equal 
o  the  sum  of  the  small  gaps.  In  explaining  the  action  of  multi- 
;aps,  there  are  three  things  to  consider: 


SHUNT  RESISTANCE 
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2.150- — Low  equivalent  arrester.  This  is  a  modification  of  the  multi-gap 
in  fig.  2,349.  About  half  of  the  total  number  of  gaps  arc  shunted  by  a  resistance,  and 
iriothrr  resistance  inserted  between  the  cylinders  ana  the  earth.  With  this  arrangement 
the  middle  point  is  at  ground  pressure,  and  there  are  between  line  and  ground  only  one 
h*J  of  the  total  number  of  gaps.    This  is  sufficient  to  prevent  a  bridging  of  the  gaps 


1.  The  transmission  of  the  static  stress  along  the  line  of  the 
cylinders; 

2.  The  sparking  at  the  gaps ; 

3.  The  action  and  duration  of  the  current  which  follows  the 
and  the  extinguishment  of  the  arc. 


Ques.   What  is  a  spark? 

Ans.    The  conduction  of  electricity  by  air. 

Ques.   What  is  an  arc. 

Ans.    The  conduction  of  electricity  by  vapor  of  the  electrode. 
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Distribution  of  Static  Stress. — The  cylinders  of  the  mulu-gc 
arrester  act  like  plates  of  condensers  in  scries.  This  condenser  fun 
tion  is  the  essential  feature  of  its  operation. 

When  a  static  stress  is  applied  to  a  series  of  cylinders  between  ih 
and  ground,  the  stress  is  immediately  carried  from  end  to  end. 

If  the  top  cylinder  be  positive  it  will  attract  a  negative  charge  « 
the  face  of  the  adjacent  cylinder  and  repel  an  equal  positive  char? 
to  the  opposite  face  and  so  on  down  the  entire  row. 

The  second  cylinder  has  a  definite  capacity  relative  to  the  thH 
cylinder  and  also  to  the  ground;  consequently  the  charge  induced  * 
trie  third  cylinder  will  be  less  than  on  the  second  cylinder,  due  to  ti 
fact  that  only  part  of  the  positive  charge  on  the  second  cylinder  indues 
negative  electricity  on  the  third,  while  the  rest  of  the  charge  indium 
negative  electricity  to  the  ground.  Each  successive  cylinder,  counti< 
from  the  top  of  the  arrester,  will  have  a  slightly  smaller  charge  of  ele> 
tricity  than  the  preceding  one. 


Fic.  2.351. — General  Electric  2.200  volt  multi-gap  arrester  for  station  installation.  It  cot 
sists  of  fourteen  ? V  knurled  cylinders  and  two  shunt  resistance  rods  mounted  on  a  pri 
eclain  base.  One  of  these  rods  has  a  low  resistance,  and  shunts  nine  gaps;  the  oth< 
rod  has  a  high  resistance,  and  shunts  eleven  gaps.  The  effect  of  the  shunt  resistance  i 
extinguishing  the  line  current  arc  is  the  same,  therefore,  as  that  of  an  equal  aeries  n 
sistancc  but  is  without  the  objectionable  features  of  the  latter.  Series  resistance  limit 
the  discharge  current  to  such  an  extent  that  an  arrester  with  series  resistance  fails  tj 
protect  against  destructive  rises  of  voltage  when  the  conditions  are  severest.  Gradei 
shunt  resistance  responds  to  all  frequencies  and  opens  a  discharge  path  for  excess* 
voltage  when  the  frequencies  are  high  as  well  as  when  they  arc  low.  Its  further  eflrc 
in  withholding  the  line  curren*.  from  the  gaps  after  the  relieving  discharge  has  occurred 
is  to  aid  the  non-arcing  quality  of  the  metal  cylinders  in  quickly  suppressing  the  arc  tha' 
follows  a  discharge  The  arc  is  extinguished  at  the  end  of  the  half  cycle  of  line  currea 
in  which  the  discharge  takes  place. 


Sparking  at  the  Gaps. — The  quantity  of  electricity  induced  on  tbj 
second  cylinder  is  greater  than  on  any  lower  cylinder  and  its  gap  has  J 
greater  pressure  strain  across  it  as  shown  in  fig.  2,357.  When  the  volt- 
age across  the  first  gap  is  sufficient  to  spark,  the  second  cylinder  i 
charged  to  line  voltage  and  the  second  gap  receives  the  static  strai 
and  breaks  down.  The  successive  action  is  similar  to  overturning  t 
row  of  ten-pins  by  pushing  the  first  pin  against  the  second.  This  phe- 
nomenon explains  why  a  given  length  of  air  gap  concentrated  in  om 
gap  requires  more  voltage  to  spark  across  it  than  the  same  total  lengt': 
made  up  uf  a  row  of  multi-gaps. 
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*XC  2.352.— General  Electric  2,200  volt  arrester  in  the  act  of  discharging,  and  shunting  the 
hne  current.  The  figure  shows  an  actual  discharge  taking  place,  it  will  be  seen  that  the 
heavy  line  current  nannm  across  only  four  of  the  gaps,  and  then  goes  through  the  resist- 
ance rods;  while  the  static  discharge  passes  straight  across  the  entire  series  of  thirteen 
gaps.  When  the  gaps  of  an  arrester  are  shunted  By  even  a  low  resistance,  discharges  of 
very  high  frequency  find  it  relatively  difficult  to  pass  through  the  resistance  rods,  owing 
to  the  impedance  of  the  rods,  but  comparatively  easy  to  pass  across  all  the  gaps,  owing 
to  the  capacity  effect  in  breaking  down  the  gaps.  The  higher  the  frequency,  the  more 
pronounced  is  this  effect,  hence  the  discharges  select  different  paths  through  gaps  and 
resistances  depending  upon  the  frequency.  By  frequency  is  meant,  not  the  frequency 
of  the  line  current  but  the  lightning  frequency,  which  may  run  into  hundreds  of  thou- 
sands, or  into  millions  of  cycles.  The  equivalent  needle  gap  for  this  arrester  is  shown 
by  tests  to  be  nearly  the  same  for  all  frequencies  and  quantities  of  discharge;  that  is, 
the  arrester  is  equally  responsive  to  all  frequencies. 


CURRENT  IN  SHUNT  RESISTANCE 


STATIC  DISCHARGE 
■V*  


CURRENT  IN  SHUNTED  SAPS 


1200  YOLTS 
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tes.  2.353  to  2.355. — Oscillograph  record  of  the  phenomena  that  take  place  in  the  different 
circuits  or  selective  paths  of  a  multi-gap  arrester  during  a  discharge  6uch  as  shown  in 
fig.  2,352. 
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As  the  spark  crosses  each  successive  gap,  the  voltage  gradient  aloq 
the  remainder  readjusts  itself. 

How  the  Arc  is  Extinguished. — When  the  sparks  extend  across  a! 
the  gaps  the  line  current  will  follow  if,  at  that  instant,  the  line  pressuf 
be  sufficient.  On  account  of  the  relatively  greater  line  current,  th 
distribution  of  pressure  along  the  gaps  becomes  equal,  and  has  th 
value  necessary  to  maintain  the  line  current  arc  on  a  gap. 

The  line  current  continues  to  flow  until  the  voltage  of  the  generate 
passes  through  zero  to  the  next  half  cycle,  when  the  arc  extinguishiii 
quality  of  the  metal  cylinders  comes  into  action. 


I 


-  - —  ■ 
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Pigs.  2.356  and  2,367. — Diagram  showing  condenser  action  of  cylinders  and 
for  static  stress. 


trradicr' 


The  alloy  contains  a  metal  of  low  boiling  point  which  prevents  t« 
reversal  of  the  line  current.  It  is  a  rectifying  effect,  and  before  thq 
pressure  again  reverses,  the  arc  vapor  in  the  gaps  has  cooled  to  a  non« 
conducting  state. 


Effect  of  Frequency. — The  higher  the  frequency  of  the 
oscillation,  the  more  readily  will  the  multi-gap  respond  to  the  pressure 

Briefly  stated,  the  problem  is  to  properly  limit  the  line  current  so 
that  the  arc  may  be  extinguished;  to  arrange  a  shunt  circuit  so  tha: 
the  series  resistance  will  be  automatically  cut  out  if  safety  demand  it 
on  account  of  a  heavy  lightning  stroke  and,  while  retaining  these  prop- 
erties, to  make  the  arrester  sensitive  to  a  wide  range  of  frequency. 
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It  should  be  noted  that  series  resistance  limits  the  rate  of  discharge 
of  the  lightning  as  well  as  of  the  line  current.  The  greater  the  value 
of  the  line  current,  the  greater  the  number  of  gaps  required  to  extin- 
guish the  arcs. 

Graded  Shunt  Resistances.— Any  arc  is  unstable  and  can  be 
extinguished  by  placing  a  properly  proportioned  resistance  in  parallel 
with  it.  All  the  minor  discharges  then  pass  over  the  resistances  and 
the  un  shun  ted  spark  gaps,  the  resistance  assisting  in  opening  the  line 
current  after  the  discharge. 

Very  heavy  discharges  pass  over  all  the  spark  gaps,  as  a  path  with- 
out resistance,  but  those  spark  gaps  which  are  shunted  by  the  resist- 
ance, open  after  the  discharge. 

The  line  current,  after  the  first  discharge  is  accordingly  deflected 
over  the  resistances,  and  limited  thereby,  the  circuit  being  finally  opened 
by  the  un  shunted  spark  gaps.  The  arrangement  of  shunted  resistances 
is  shown  in  fig,  2,358. 
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on  multigap  arrester. 


The  Cumulative  or  "Breaking  Back**  Effect. — The  graded  shunt 
resistance  gives  a  valuable  effect,  where  the  arrester  is  considered  as 
four  separate  arresters.  This  is  the  "cumulative"  or  "breaking  back" 
action. 

When  a  lightning  strain  between  line  and  ground  takes  place,  the 
pressure  is  carried  down  the  high  resistance  H  (figs.  2,365  and  2,366), 
to  the  series  gaps  GS,  and  the  series  gaps  spark  over. 

m  Although  it  may  require  several  thousand  volts  to  spark  across  an 
air  gap,  it  requires  relatively  only  a  few  volts  to  maintain  the  arc  which 
follows  the  spark.  In  consequence,  when  the  gaps  GS  spark  over,  the 
lower  end  of  the  high  resistance  is  reduced  practically  to  ground  pressure. 

If  the  high  resistance  can  carry  the  discharge  current  without  giving 
an  ohmic  drop  sufficient  to  break  down  the  shunted  gaps  GH,  noth- 
ing further  occurs— the  arc  goes  out. 
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If.  on  the  contrary,  the  lightning  stroke  be  too  heavy  for  this,  tht 
pressure  strain  is  thrown  across  the  shunted  gaps,  GH,  equal  in  num- 
ber to  the  previous  set.  In  other  words,  the  same  voltage  breaks  dowi 
both  of  the  groups  of  gaps,  GS  and  GH,  in  succession.  The  lightnin; 
discharge  current  is  now  limited  only  by  the  medium  resistance  M,  anc 
the  pressure  is  concentrated  across  the  gaps,  GM. 

If  the  medium  resistance  cannot  discharge  the  lightning,  the  gaj 
GM  spark,  and  the  discharge  is  limited  only  by  the  low  resistance. 

The  low  resistance  should  take  care  of  most  cases  but  with  extraor 
dinarily  heavy  strokes  and  high  frequencies,  the  discharge  can  breal 
back  far  enough  to  cut  out  all  resistance. 

In  the  last  steps,  the  resistance  is  relatively  low  in  proportion  to  th« 
number  of  shunt  gaps,  GL,  and  is  designed  to  cut  out  the  line  current 


Figs.  2.359  to  2.364.— Westinghousc  safety  spark  gaps.  Fig.  2.359.  indoor  type;  figs.  2  360 
to  2,304,  outdoor  type.  It  is  well  known  that  with  transformers,  operating  on  high  volt- 
age lines  and  having  large  ratios  of  transformation,  there  may  occur,  on  the  low  tension 
side,  momentary  voltages  to  ground  greatly  in  excess  of  the  normal.  These  momentary 
increases  in  voltage  between  the  low  tension  circuits  and  ground  are  commonly  *>*UH 
"static  disturbances."  In  general  they  are  the  result  of  a  change  in  the  static  balance 
of  the  high  tension  side  and  its  connecting  circuits.  Unless  certain  precautions  are  taken, 
such  a  static  disturbance  on  the  low  tension  side  may  cause  serious  stresses  in  the  sec- 
ondary insulation  of  a  transformer  with  a  high  ratio  of  transformation.  This  induced 
static  voltage  is  independent  of  the  ratio  of  transformation.  The  static  stresses  are  more 
serious  in  a  high  ratio  transformer  simply  because  the  insulation  of  its  secondary  is  k&s 
able  to  withstand  them.  ^4  method  of  relia-ing  this  disturbance  is  to  connect  a  discharge 
spark  gap  between  some  point  of  the  low  tension  side  of  the  transformer  to  be  protected 
(a  middle  or  neutral  point,  if  one  be  available)  and  the  ground.  The  spark  gap  opening 
is  such  that  any  voltage  very  much  in  excess  of  the  maximum  normal  will  cause  a  dis- 
chargc  to  ground,  and  thus  the  low  tension  side  is  practically  tied  to  ground  during  mrh 
disturbance,  while  at  other  times  it  is  ungrounded.  The  Underwriters  recommend  the 
grounding  of  the  neutral  point  of  low  tension  circuits  when  the  conditions  are  such  that 
the  maximum  normal  voltage  between  the  point  connected  and  ground  will  not  exceed 
250  volts.  The  rule  allows  one  side  of  a  250  volt  circuit  or  the  middle  point  of  a  550  volt 
circuit  to  be  grounded.  The  spark  gaps  shown  above  are  designed  for  use  on  transformrT 
secondary  circuits  and  for  protecting  individual  series  arc  lamps.  These  spark  gaps  are 
single  pole,  and  consist  of  two  cylinders  of  non-arcing  metal  with  an  air  gap  between. 
One  of  the  cylinders  is  connected  to  the  ground,  the  other  to  the  line. 
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Pjgs.  2.365  and  2.366. — Graded  shunt  resistance  arrester  connections.  Fig.  2,365,  connec- 
tions for  33.000  volt  Y  system  with  grounded  neutral;  fig.  2,30fi,  connections  for  33,000 
volt  delta  or  ungrounded  Y  systems.  The  type  of  arrester  shown  above  may  be  con- 
sidered as  four  arresters  In  one.  First,  for  small  discharges  there  are  a  few  gaps  in  series 
with  a  high  shunt  resistance.  This  part  of  the  arrester  will  safely  discharge  accumulated 
static  and  also  all  disruptive  discharges  of  small  ampere  capacity.  This  path  is  shown 
through  H,  (resistance)  and  GS  (gaps).  Second,  there  arc  a  number  of  gaps  in  series  with 
a  medium  shunt  resistance  which  will  discharge  disruptive  strokes  of  medium  ampere 
capacity.  This  path  is  shown  through  M  (resistance)  and  GH  plus  GS  (gaps).  Third, 
there  are  a  greater  number  of  gaps  in  series  with  a  low  shunt  resistance  which  will  dis- 
charge heavy  disruptive  strokes.  This  path  is  shown  through  L  (resistance)  and  GM 
plus  GH  plus  GS  Ojaps).  Fourth,  the  total  number  of  gaps  has  no  series  resistance,  thus 
enabling  the  arrester  to  freely  discharge  the  heaviest  induced  strokes.  This  path  is 
shown  through  zero  resistance  and  GH  plus  GM  plus  GH  plus  GS  (gaps).  In  each  of 
the  above  circuits  the  number  of  gaps  and  the  resistance  are  so  proportioned  as  to  extin- 
guish the  line  arc  at  the  end  of  the  half  cycle  W  which  the  lightning  discharge  take*  olac*. 
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Pic.  2.367. — Installation  of  a  General  Electric  12.500  volt,  three  phase,  multi-gap  lightninf 
arrester  in  the  Garfield  Park  sub-station  of  the  West  Chicago  park  common.  The  **  V* 
unit  multi-gap  arrester,  which  is  plainly  seen  in  the  illustration,  is  made  up  of  "V  **  units 
consisting  of  gaps  between  knurled  cylinders  and  connected  together  at  their  ends  by 
short  metal  strips.  The  base  is  of  porcelain,  which  thoroughly  insulates  each  cylinder, 
and  insures  the  proper  functioning  of  the  multi-gaps.  The  cylinders  are  made  of  an  a  1  len- 
til at  contains  metal  of  low  boiling  point  which  gives  the  rectifying  effect,  and  metals  of 
high  boiling  point  which  cannot  vaporize  in  the  presence  of  the  one  of  low  boiling  point 
The  cylinders  are  heavily  knurled.  As  the  arc  plays  on  the  point  of  a  knurl  it  grad- 
ually burns  back  and  when  the  metal  of  low  boiling  temperature  is  used  up.  the  gap  is 
increased  at  that  point.  The  knurling,  thus,  insures  longer  life  to  the  cylinder  by  forc- 
ing successive  arcs  to  shift  to  a  new  point.  When  worn  along  the  entire  face,  the  cylinder 
should  be  slightly  turned.  The  low  resistance  section  of  the  graded  shunt  is  composed 
of  rods  of  a  metallic  alloy.  These  rods  have  large  current  carrying  capacity,  and  prac- 
tically zero  temperature  coefficient  up  to  red  heat.  The  medium  and  high  resistance  rod* 
are  of  the  same  standard  composition  previously  used.  The  contacts  are  metal  cans 
shrunk  on  the  ends;  the  resistances  arc  permanent  in  value  and  the  inductance  is  reduced 
to  a  minimum.  The  rods  arc  glazed  to  prevent  absorption  of  moisture,  and  surface  arcum. 
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immediately  from  the  gap,  GL.  This  "breaking  back"  effect  is  valu- 
able in  discharging  lightning  of  low  frequency. 

After  the  spark  passes,  the  arcs  are  extinguished  in  the  reversed 
order.  The  low  resistance.  L,  is  propoitioned  so  as  to  draw  the  arcs 
immediately  from  the  gaps,  GL.  The  line  current  continues  in  the 
next  group  of  gaps,  GM,  until  the  end  of  the  half  cycle  of  the  generator 
wave. 


to  2.370. — Multi-gap  or  low  equivalent 
arrester.  It  consists  of:  1.  a  numl#r  of 
■MBtts  in  senes;  2.  a  number  of  gap  units  in 
•■twith  a  resistance;  and  3,  a  series  resistance. 
18  resistances  are  wire  wound  and  the  series 
*Kasce  is  non-inductive.  The  shunt  resistance 
■ippjmits  are  mounted  on  marble.  When  a 
^Kaufte  occur*,  the  series  gaps  are  broken 
if  the  discharge  be  heavy  enough,  it  will 
ition  in  the  shunt  resistance  and  pass 
sshtmted  gaps,  through  the  series  resistance 
jjjfrattod.  The  arc  which  tends  to  follow  the 
■■■le  is  then  withdrawn  from  the  shunted 
Wpby  the  shunt  resistance,  and  aided  by  both 
■■■rat  is  suppressed  by  the  series  gaps.  The 
P**t  of  discharge  is  determined  by  the  num- 
4hes  gaps  as  sufficient  number  is  used  to 
the  normal  voltage  and  yet  give  a 
ffcdnr  of  safety  for  the  severest  service. 


At  this  instant  the  medium  resistance,  M,  aids  the  rectifying  quality 
i  the  gaps,  GM,  by  shunting  out  the  low  frequency  current  of  the 
i>4roator. 

On  account  of  this  shunting  effect  the  current  dies  out  sooner  in  the 
GM,  than  it  otherwise  would. 

In  the  same  manner,  but  to  a  less  degree,  the  high  resistance,  H,  draws 
'"fcline  current  from  the  gaps,  GH. 

This  current  now  l>eing  limited  by  the  high  resistance,  the  arc  is  easily 
siinguished  at  the  end  of  the  first  one-half  cycle  of  the  alternator  wave. 
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Ques.  What  is  the  difference  between  arrester  foi 
grounded  Y  and  non-grounded  neutral  systems? 

Ans.  The  connections  are  shown  in  figs.  2,365  and  2,366 
The  difference  in  design  lies  in  the  use  of  a  fourth  arrester  leg 
between  the  multiplex  connection  and  ground  or  ungroundec 
system. 

Ques.   Why  is  the  fourth  leg  introduced? 

Ans.    The    arrester  is  designed  to  have  two  legs  betweer 


in 


PlG.  2,371 . — Westinghouse  three  pole  or  four  pole  arrester  in  weather  proof  wooden  case  which 
protects  the  arrester  units  from  rain  and  snow  when  they  are  installed  in  exposed  loca- 
tions, as  on  poles  or  buildings. 

line  and  line.  If  one  line  become  accidentally  grounded,  the 
full  line  voltage  would  be  thrown  across  one  leg  if  the  fourth 
or  ground  leg  were  not  present. 

On  a  Y  system  with  a  grounded  neutral,  the  accidentally  grounded 
phase  causes  a  short  circuit  of  the  phase  and  the  arrester  is  relieved 
of  the  strain  by  the  tripping  of  the  circuit  breaker.  Briefly  stated, 
the  fourth  or  ground  leg  of  the  arrester  is  used  when,  for  any  reason, 
the  system  could  be  operated,  even  for  a  short  time  with  one  phase 
grounded. 

Digitized  by  Google 


LIGHTNING  PROTECTION  DEVICES  1,689 


Ques.   Describe  the  multiplex  connection. 

Ans.  It  consists  of  a  common  connection  between  the  phase 
legs  of  the  arrester  above  the  earth  connection  and  provides 
an  arrester  better  adapted  to  relieve  high  pressure  surges  be- 
tween lines  than  would  otherwise  be  possible. 

Its  use  also  economizes  in  space  and  material  for  delta  and  partially 
grounded  or  non-grounded  Y  systems. 
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fccs*  2,372  and  2.373. — Westinghouae  multi-gap  lightning  arrester  and  views  showing  parts. 
In  construction,  a  series  of  gaps,  between  non-arcing  metal  cylinders  arranged  in  a  row. 
is  connected  between  line  and  ground  in  series  with  a  composition  stick  resistor  having 
a  resistance  of  something  between  80  and  120  ohms.  In  operation,  if  an  excessive  p res- 
tore be  developed  on  a  line,  electric  discharge  arcs  form  Detween  the  metal  cylinders, 
and  the  charge  of  electricity  flows  to  ground,  relieving  the  excessive  stress.  The  resist- 
ance of  the  stick  resistor  limits  the  flow  so  that  an  excessive  power  current  cannot  pass 
through  the  arrester.  The  tendency  for  a  destructive  power  arc  to  follow  the  discharge 
arc  is  thus  counteracted.  The  composition  resistors  and  the  gap  cylinders  are  mounted 
in  pairs  on  a  porcelain  base,  and  complete  units  are  arranged  within  weather  proof 
wooden  boxes  as  indicated.  For  two  pole  arresters,  one  unit  is  mounted  on  the  back  of 
the  box.  For  three  pole  and  four  pole  arresters,  two  units  are  used;  one  is  secured  en 
each  side  of  the  box. 
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Horn  Gap  Ax 
resters. — A  hon 

gap  arrester  con 
sists  essentially  o 
two  horn  shape 
terminals  forminj 
an  air  gap  of  van 
able  length,  on» 
horn  being  con 
nected  to  the  lin 
to  be  protects 
and  the  other  U 
the  ground  usualh 
through  series  r 
sis  tan  ce  as  showi 
in  fig.  2,378. 


Ques.  How1 
does  the  horn 

gap  arrester 

operate? 

Ans.  The  arc 
due  to  the  line 
current  which  fol- 
lows a  discharge, 
rises  between  the 


.  horn  and 

2s!§°tj!s   becoming  more 

g 


and  more  attenu- 
ated is  finally  ex- 
tinguished . 
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Ques.  What  is 
the  objection  to 
the  horn  gap  on 
alternating  cur- 
rent circuits? 

Ans.  The  arc  lasts 
too  long  for  syn- 
chronous apparatus 
to  remain  in  step. 


Ques.  What 
provision  was 
made  to  shorten 
the  duration  of 
the  arc  ? 

Ans.  A  series  re- 
sistance was  insert- 
ed in  the  arrester 
circuit  as  shown  in 
fig.  2,377. 

Ques.  What 
difficulty  was 
caused  by  the 
series  resistance? 

Ans.  With  suffi- 
cient series  resist- 
ance to  prevent 
loss  of  synchro- 
nism, the  arrester 
failed  to  protect 
the  system  under 


severe  conditions. 
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Ques.  With  these  objections  what  use  was  found  for 
the  horn  gap  arrester? 

Ans.  It  is  used  as  an  emergency  arrester  on  some  overhead 
lines,  to  operate  only  when  a  shut  down  is  unavoidable,  also 
for  series  lighting  circuits. 

RESISTANCE 


Pic.  2.378. — General  Electric  horn  gap  with  charging  resistance  for  cable  system.  Arresters 
for  cable  systems  differ  from  arresters  for  overhead  circuits  only  in  the  construction  of 
the  horn  gaps.  The  necessity  for  this  difference  is  due  to  thefact  that  a  cable  system 
has  a  very  much  higher  electrostatic  capacity  and  much  less  inductance  than  an  over- 
head system.  In  consequence,  the  currents  which  flow  into  the  arrester  during  charging 
are  somewhat  higher.  It  is  desirable  to  avoid  these  heavier  currents,  especially  during 
the  time  of  breaking  the  arc  at  the  horn  gap.  This  is  accomplished  by  using  a  special 
horn  gap  and  resistance.  This  consists  of  an  auxiliary  horn  mounted  above  and  insu- 
lated from  the  regular  horn  in  such  a  manner  as  to  intercept  the  arc  if  it  rise  on  the  regu- 
lar horns.  Enough  resistance  is  connected  in  series  with  this  auxiliary  horn  so  that  the 
current  flow  and  arc  across  this  gap  are  always  limited  to  a  moderate  value.  Such  a 
device  has  several  advantages.  Since  the  mechanism  is  so  arranged  that  the  charging 
is  always  done  through  the  auxiliary  horn  the  current  rush  is  limited  during  the  charging 
and  thus  troubles  from  carelessness  or  ignorance  are  avoided.  It  also  gives  a  nearer 
uniform  charging  current.  In  the  use  of  th  is  auxiliary  horn  gap  and  resistance  there 
are  three  successive  stages,  as  follows:  1,  light  discharges  will  pass  across  the  smaller 
gaps  to  the  auxiliary  horn  and  through  the  series  resistance  to  the  cells;  2,  if  the  dis- 
charge be  heavy,  the  resistance  offers  sufficient  impedance  to  cause  the  spark  to  pass  to 
the  main  horn.  This  is  accomplished  with  only  a  slight  increase  in  pressure  because 
the  gap  is  already  ionized.  If  the  cells  be  in  normal  condition,  the  6park  at  the  gap  is 
immediately  extinguished  without  any  flow  of  line  current;  3.  if  the  cells  be  in  poor 
form,  the  line  current  may  follow  the  discharge  across  the  main  gap  and  the  arc  will  rise 
to  the  safety  horn  and  l>e  extinguished  through  a  resistance.  For  mixed  overhead  and 
cable  systems  the  choice  of  arrester  will  be  a  matter  of  judgment.  If  there  be  a  com- 
paratively short  length  of  cable,  the  usual  practice  for  overhead  systems  may  be  adopted. 
For  direct  conoactina  If*  busbars,  arresters  with  charging  resistance  should  be  used. 
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The  necessity  of  service  requires  that  series  lightning  systems  be 
fully  equipped  against  damage  by  lightning  and  similar  trouble.  The 
most  common  disturbances  occurring  on  series  circuits  are  the  surges 
set  up  by  the  sudden  opening  of  the  loaded  circuit.  These  disturbances 
are  especially  severe  where  circuits  are  accidentally  grounded,  due  tc 
contact  of  the  wires  where  they  pass  through  other  circuits. 

Ques.    How  are  the  spark  gaps  adjusted  ? 

Ans.  They  are  set  to  give  a  low  spark  pressure  relative  to 
the  voltage  of  the  line. 


Fig.  2,381. — General  Electric  horn  type  arrester,  mounted  for  15  light  series  arc  circuit.  The 
horn  type  arrester  consists  of  a  horn  gap  with  series  resistance  between  each  line  and 
ground.  The  resistances  and  horn  gaps  are  mounted  on  porcelain  bases  and  the  latter 
on  insulating  wooden  supports.  The  supports  have  asbestos  barriers  (except  for  lowest 
voltages),  and  backs  to  eliminate  liability  of  damage  from  the  arc  which  forms  in  the 
horn  gap  at  the  time  of  the  discharge.  The  spark  gaps  are  adjusted  to  give  a  low  spark 
pressure  relative  to  the  voltage  of  the  circuit.  The  number  and  ohmic  value  of  the 
resistance  rods  used  in  the  various  arresters  depend  upon  the  voltage  and  current  of  the 
circuit. 

Ques.  Why  are  horn  arresters  well  suited  to  protect 
series  lighting  circuits  against  surges? 

Ans.  Because  the  surges  are  damped  out  before  the  arc 
which  fonns  across  the  horn  gaps  is  interrupted. 
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_  These  arcs  last  for  several  cycles,  since  the  length  of  the  time  of  ac- 
tion of  the  arrester  depends  upon  the  lengthening  of  the  arc  between 
the  horn  gaps,  limited  by  the  series  resistance. 

Since  practically  all  disturbances  on  lighting  circuits  are  of  low  fre- 
quency, the  series  resistance  can  be  used  with  good  results;  it  aids  the 
horn  in  extinguishing  the  arc,  limits  the  size  of  the  arc  and  prevents 
short  circuits  occurring  during  the  period  of  discharge. 


W»  2,382.— Genera]  Electric  horn  arrester  for  pole  installation.  Quite  frequently  scries 
orauU  are  ran  underground  in  cables  for  some  distance  from  the  generating  station. 
In  order  to  protect  the  cables  it  is  advisable  to  place  horn  arresters  at  the  points  where 
the  cable  joins  the  overhead  wires.  The  resistance  units  are  mounted  in  the  w<xxlen 
box.  This  design  is  used  to  economize  space,  since  if  the  horn  gaps  be  placed  in  the  box 
the  latter  would  have  to  be  made  very  large  to  accommodate  the  asbestos  barriers  and 
backs.  In  installing  this  type  of  arrester  it  is  advisable  to  place  it  as  near  as  possible 
to  the  top  of  the  pole  so  that  the  arc  may  rise  unobstructed  and  thus  avoid  the  likeli- 
hood of  hve  wires  coming  in  contact  with  the  horns  which,  during  the  operation  of  the 
•enes  current,  are  alive. 


Electrolytic  Arresters. — Arresters  of  this  class  are  some- 
times called  aluminum  arresters  because  of  the  property  of  alu- 
minum on  which  their  action  depends;  that  is,  it  depends  on  tlte 
phenomenon  that  a  non-conducting  film  is  formed  on  the  surface 
0/  aluminum  when  immersed  in  certain  electrolytes*  1 
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If  however,  the  film  be  exposed  to  a  higher  pressure,  it  may  be 
punctured  by  many  minute  holes,  thus  so  reducing  its  resist 
ance  that  a  large  current  may  pass.  When  the  pressure  i< 
again  reduced  the  holes  become  resealed  and  the  film  again 
effective. 


-DISCONNECTING  POSITION 


OPERATING  POSITION 


Figs.  2.383  and  2.384.—  Elevation  and  plan  of  General  Electric  horn 
stand  for  high  voltage  arresters. 


POSITION 
POSITION 

opera&J 

In  construction,  the  aluminum  arrester  consists  essentially 
of  a  system  of  nested  aluminum  cup  shaped  trays,  supported 
on  porcelain  and  secured  in  frames  of  heated  wood,  arranged  in 
a  steel  tank. 

The  system  of  trays  is  connected  between  the  line  and  ground, 
and  between  line  and  line,  a  horn  gap  being  inserted  in  the  ar- 
rester circuit  which  prevents  the  arrester  being  subjected  to  the 
line  voltage  except  when  in  action. 
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The  electrolyte  is  poured  into  the  cones  and  partly  fills  the 
pace  between  the  adjacent  ones.  The  stack  of  cones  with  the 
lectrolyte  between  them  is  then  immersed  in  a  tank  of  oil. 
rhe  electrolyte  between  adjacent  cones  forms  an  insulation, 
rhe  oil  improves  this  insulation  and  prevents  the  evaporation 
i  the  solution. 


Vl.  2.385. — Cross  section  of  General  Electric  aluminum  (electrolytic)  lightning  arrester. 

A  cylinder  of  insulating  material  concentric  with  the  cone 
tack  is  placed  between  the  latter  and  the  steel  tank,  the  object 
>eing  to  improve  the  circulation  of  the  oil  and  increase  the 
nsulation  between  the  tank  and  the  cone  stack.  The  arrester, 
ls  just  described  consists  of  a  number  of  cells  connected  in  series. 

Ques.    Of  what  does  a  single  cell  consist  and  what  are 
ts  characteristics? 

Ans.    It  consists  of  two  of  the  cone  shaped  aluminum  trays 
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or  plates  and  an  electrolyte,  which  forms  a  condenser  thai  wil 
stand  about  350  volts  before  breaking  down.  When  this  voltage 
is  exceeded  the  cell  becomes  a  fairly  good  conductor  of  electricity 
but  as  soon  as  the  voltage  drops  its  resistance  again  resumes  a 
very  high  value. 

Ques.   What  is  the  critical  voltage? 

Ans.    The  voltage  at  which  the  current  begins  to  flow  freely. 


Pig.  2.386  to  2,300. — Paris  of  General  Electnc  15,000  voil  aluminum  ugntning  a/rester.  not 
including  horn  gaps,  etc. 


Up  to  a  certain  voltage  the  cell  allows  an  exceedingly  low  current  to 
flow,  but  at  a  higher  voltage  the  current  flow  is  limited  only  by  the  in- 
ternal resistance  of  the  cell,  which  is  very  low.  A  close  analogy  to  this 
action  is  found  in  the  well  known  safety  valve  of  the  steam  boiler,  by 
which  the  steam  is  confined  until  the  pressure  rises  above  a  given  value, 
when  it  is  released.  On  the  aluminum  plates  there  are  myriads  of 
minute  safety  valves,  so  that,  if  the  electric  pressure  rise  above  th« 
critical  voltage,  the  discharge  takes  place  equally  over  the  entire  sur- 
face. It  is  important  to  distinguish  between  the  valve  action  of  this 
hydroxide  film  and  the  failure  of  any  di-electric  substance. 

Ques.  When  a  cell  is  connected  permanently  to  the 
circuit  what  two  conditions  are  involved? 

Ans.  The  temporary  critical  voltage  and  the  permanent 
critical  voltage. 
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For  instance,  if  the  cell  have  300  volts  applied  to  it  constantly,  and 
the  pressure  be  suddenly  increased  to,  say  325  volts,  there  will  be  a 
considerable  rush  of  current  until  the  film  thickness  has  been  increased 
to  withstand  the  extra  25  volts;  this  usually  requires  several  seconds 
In  this  case  325  volts  is  the  temporary  critical  voltage  of  the  cell. 

Similar  action  will  occur  at  any  pressure  up  to  about  the  perman- 
ent critical  voltage,  or  the  voltage  at  which  the  film  cannot  further  thicken, 
and  therefore  allow  a  free  flow  of  current. 

If  the  voltage  be  again  reduced  to  300  the  excess  thickness  of  film 
will  be  gradually  dissolved,  and  if  it  vary  periodically  between  two 
values,  each  of  which  is  less  than  the  permanent  critical  value,  the 
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AMPERES 

Pit.  2301. — Volt  Ampere  characteristic  curve  ot  a  General  Electric  aluminum  (electrolytic) 
cell  on  alternating  current.  The  permanent  critical  voltage  is  between  335  and  300  volts. 
With  alternating  current,  the  cell  acts  as  a  fairly  good  condenser,  and  there  is  not  only 
the  leakage  through  the  film,  but  also  a  capacity  current  flowing  into  the  cell.  The 
phase  of  this  current,  then,  is  nearly  90  degrees  ahead  of  the  pressure  and  represents  a 
very  kw»  energy  factor.  V  V,' 

temporary  critical  voltage  will  be  the  higher  value.  This  feature  is  of 
great  importance  as  it  provides  a  means  of  discharging  abnormal  surges, 
the  instant  the  pressure  rises  above  the  impressed  value. 

Ques.  How  is  the  number  of  cell  required  for  a  given 
circuit  determined? 

Ans.  The  number  required  for  a  given  operating  voltage 
is  determined  by  allowing  about  250  to  300  volts  per  cell. 

Ques.  In  putting  cells  in  commission  how  is  the 
electrolyte  introduced  ? 

Ans.  It  is  poured  into  the  aluminum  trays  and  the  overflow 
drawn  off  at  the  bottom  of  the  tank. 
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Ques.  Describe  the  further  operations  in  putting  cells 
in  commission. 

Ans.  After  putting  in  the  electrolyte  it  is  allowed  to  stand 
for  a  few  days  until  part  has  evaporated,  then  the  oil  is  poured 
over  the  surface  to  prevent  further  evaporation. 


PlG.  2,302. — Westinghouse  electrolytic  lightning  arrester,  for  three  phase  ungrounded  neutral 
service,  25,000  maximum  voltage.  TThese  arresters  are  designed  for  the  protection  of 
alternating  current  circuits  from  all  kinds  of  static  disturbances.  They  have  been  stand- 
ardized for  installation  on  three  phase  circuits  of  voltages  of  2,200  to  110,000.  They 
cannot  be  used  for  voltages  of  less  than  13,500.  For  voltages  below  this  the  horn  gaps 
cannot,  with  safety,  be  set  close  enough  together,  out  of  doors,  to  take  advantage  of 
tne  freedom  of  discharge  of  the  electrolytic  element.  If  the  horn  gaps  ba  set  too  close 
together  they  may  be  short  circuited  by  rain.  A  shelter  should  be  built  for  arresters  of 
13,500  volts  and  below  for  their  protection  when  installed  outside, 

Ques.  What  action  takes  place  when  the  trays  stand  in 
the  electrolyte  and  cell  is  disconnected  from  the  circuit? 

Ans.    Part  of  the  film  deteriorate?. 


LIGHTNING  PROTECTION  DEVICES 


1,701 


Ques.   What  is  the  nature  of  the  film? 

Ans.  The  film  is  composed  of  two  parts,  one  of  which  is 
hard  and  insoluble,  and  apparently  acts  as  a  skeleton  to  hold 
the  more  soluble  part.  The  action  of  the  cell  seems  to  indicate 
that  the  soluble  part  of  the  film  is  composed  of  gases  in  a  liquid 
form. 

Ques.  What  action  takes  place  when  a  cell  which  has 
stood  for  some  time  disconnected,  is  reconnected  to  the 
circuit? 


ftcs.  2.393  and  2,394. — Aluminum  trays  for  Westinghouse  electrolytic  lightning  arresters. 

Ans.  There  is  a  momentary  rush  of  current  which  reforms 
the  part  of  the  film  which  has  dissolved. 

This  current  rush  will  have  increasing  values  as  the  intervals  of  rest 
of  the  cell  are  made  greater. 

Many  electrolytes  have  been  studied,  but  none  has  been  found  which 
does  not  show  this  dissolution  effect  to  a  greater  or  lesser  extent. 

If  the  cell  has  stood  disconnected  from  the  circuit  for  some  time, 
especially  in  a  warm  climate,  there  is  a  possibility  that  the  initial  current 
rush  will  be  sufficient  to  open  the  circuit  breakers  or  oil  switches. 
This  current  rush  also  raises  the  temperature  of  the  cell,  ani  if  the 
temperature  rise  be  great,  it  is  objectionable. 

When  the  cells  do  not  stand  for  more  than  a  day,  however,  the  film 
dissolution  and  initial  current  rush  are  negligible. 
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Ques.  What  is  the  object  of  using  horn  gaps  on  elec- 
trolytic arresters? 

Ans.  The  use  is  threefold:  1,  it  prevents  the  arrester  bein^ 
subjected  continually  to  the  line  voltage:  2,  acts  as  a  discon- 
necting switch  to  disconnect  the  arrester  from  the  line  for 
repairs,  etc.,  and  3,  acts  as  a  connecting  switch  for  charging. 


Fig.  2,395. — Horn  gaps  and  transfer  device  of  General  Electric  aluminum  lightning  arrester 

for  12,500  volt  n  on -grounded  neutral  circuit.  The  object  of  the  transfer  device  is  to 
provide  a  means  for  interchanging  the  ground  stacks  with  one  of  the  line  stacks  of  cones 
during  the  charging  operation  so  that  the  films  of  all  the  cells  will  be  formed  to  the  same 
value.  The  transfei  device  consists  of  a  rotating  switch  which  may  be  turned  180  de- 
grees, thus  interchanging  the  connections  of  the  ground  stack  and  one  of  the  line  stacks. 
For  arresters  up  tc  27,000  volts  the  device  is  mounted  with  three  insulators  on  the  pipe 
frame  work,  and  is  operated  by  a  hand  wheel;  for  arresters  of  higher  voltage,  the  tran* 
fer  device  is  mounted  directly  over  the  tanks  and  is  operated  by  bevel  gears  and  hand  wheel 

Charging  of  Electrolytic  Arresters. — In  electrolytic  ar- 
resters all  electrolytes  dissolve  the  film  when  the  arrester  is  on 
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open  circuit,  the  extent  of  the  dissolution  depending  upon  the 
length  of  time  the  film  is  in  the  electrolyte,  and  upon  its  tem- 
perature. It  is  therefore  necessary  to  charge  the  cells  from  time 
to  time  and  thus  prevent  the  dissolution  and  consequent  rush 
of  current  which  would  otherwise  occur  when  the  arrester 
•li^cnarges. 

Ques.  Describe  the  charging  operation  for  arresters 
with  grounded  circuits. 

Ans.  It  consists  in  simply  closing  simultaneously  the  three 
horn  gaps  so  that  the  full  pressure  across  the  cells  causes  a 

electrode: 


DIAPHRAGM  PUNCHING 


Pic.  2.:l9»'». — Sectional  view  of  General  Electric  vacuum  tube  arrester  for  railway  signal  cir- 
caiu.  The  arrester  it  essentially  a  gap  in  a  vacuum.  In  construction,  the  gap  is  formed 
t*r*een  the  inner  wall  of  a  drawn  metal  shell  and  a  disc  electrode  mounted  concentric 
*i:h  it.  The  electrode  is  supported  on  a  brass  rod  which  serves  as  the  lead  in  connec- 
tion, and  haJ  ample  current  carrying  capacity.  The  electrode  system  is  insulated  from 
the  tube  and  rigidly  supported  in  position  by  a  bushing  made  of  vitreous  material.  The 
Wishing  does  hot  form  the  vacuum  seal,  that  being  made  by  a  special  compound.  The 
open  end  of  the  tube  is  finally  closed  by  a  porcelain  bushing.  The  tube  is  exhausted  in 
a  special  machine  which  solders  a  small  hole  in  the  end  after  the  vacuum  has  been  cstab- 

shed.  The  possibility  of  solder  entering  the  active  part  of  the  vacuum  space  is  pre- 
'•ratod  by  a  diaphragm  punching,  and  both  the  electrode  and  the  lining  of  the  tube  are 

t  r.r»-arcing  metal.  The  arrester  has  a  spark  pressure  of  from  3">0  to  600  volts 
dirct  current,  and  an  equivalent  needle  gap  of  al>out  .005  inch.  The  arrester  will  not 
stand  a  continuous  flow  of  current  due  to  excessive  heating,  hence  if  there  be  a  pos- 
:y  of  th:s  due  to  high  pressure  crosses,  fuses  ihould  i  ••  u-<- 1.  K.  R.  S.  A.  standard 
terminals  are  used. 


snail  charging  current  to  flow  and  form  the  films  to  their  normal 
condition. 

Ques.   Describe  the  charging  operation  for  arresters 
for  non-grounded  circuits. 

Ans.  First,  the  horn  gaps  are  closed  for  five  seconds  and 
opened  again  to  normal  position,  thus  charging  the  cells  of  the 
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three  line  stacks.  Second,  with  the  horn  gaps  still  in  normal 
position,  the  position  of  the  transfer  device  is  reversed  and  the 
horn  gaps  are  again  closed  for  five  seconds  and  returned  to  the 
normal  position. 

The  complete  charging  operation  takes  but  a  few  moments  and 
should  be  performed  daily.  The  operation  is  valuable,  not  only  in 
keeping  the  films  in  good  condition,  but  also  in  giving  the  operator 
some  idea  of  the  condition  of  the  arrester  by  enabling  Fim  to  observe 
the  size  and  color  of  the  charging  spark. 


FiC.  2,397. — Highland  Park  sub-station,  Charlotte,  N.  C.  showing  old  lightning  arrester  tower 
on  the  left  and  General  Electric  aluminum  (electrolytic)  cell  lightning  arrester  and  horn 
gaps  in  foreground. 

Grounded  and   Non-grounded  Neutral   Circuits. — It 

is  important  to  avoid  the  mistake  of  choosing  an  arrester  for  a 
thoroughly  grounded  neutral  when  the  neutral  is  only  partially 
grounded,  that  is,  grounded  through  an  appreciable  resistance. 
Careful  consideration  of  this  condition  will  make  the  above 
statement  clear. 
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In  an  arrester  for  a  grounded  neutral  circuit,  each  stack  of 
cones  normally  receives  the  neutral  pressure  when  the  arrester 
discharges,  but  if  a  phase  become  accidently  grounded,  the  line 
voltage  is  thrown  across  each  of  the  other  stacks  of  cones  until 
the  circuit  breaker  opens  the  circuit.  The  line  voltage  is  173  per 
cent,  of  the  neutral  or  normal  operating  voltage  of  the  cells  and 
therefore  about  150  per  cent,  of  the  permanent  critical  voltage 
of  each  cell.    This  means  that  when  a  grounded  phase  occurs, 


— Westinghousc  electrolytic  station  lightning  arrester  for  direct  current  up  to  1.500 
volts  consists  oi  a  tank  of  oil  in  which  are  placed,  on  properly  insulated  supports,  a  nest  of 
cop  shaped  aluminum  trays.  The  spaces  between  the  trays  are  filled  with  electrolyte,  a  suffi- 
cient Quantity  for  one  charge  being  furnished  with  each  arrester.  The  top  tray  is  connected 
with  the  line  through  a  60  ampere  fuse,  and  the  bottom  tray  is  connected  to  the  tank  which 
■  thoroughly  grounded  by  means  of  a  lug.  The  fuse  is  of  the  enclosed  type  and  mounted 
oo  the  cover  of  the  arrester.  A  small  charging  cu  rren  t  flows  through  the  trays  continuously 
and  keeps  the  films  on  the  trays  built  up,  so  that  no  charging  is  required.  This  charging 
current  is  not,  however,  of  sufficient  value  to  raise  the  temperature  appreciably.  The  im- 
mersed area  of  each  tray  is  100  square  inches.  The  shape  and  the  arrangement  of  the 
trays  is  such  that  any  gases  generated  by  the  discharge  can  pass  out  readily  without 
disturbing  the  electrolyte  between  the  trays. 


this  50  per  cent,  excess  pressure  is  short  circuited  through  the 
cells  until  the  circuit  breaker  opens. 


The  amount  of  energy  to  be  dissipated  in  the  arrester  depends 
upon  the  kilowatt  capacity  of  the  generator,  the  internal 

Digitized  by  Goo 


1,706 


HAWKINS  ELECTRICITY 


resistance  of  the  cells,  and  the  time  required  to  operate  the  circuit 
breakers.  It  is  evident  that  the  greater  the  amount  of  resistance 
in  the  neutral,  the  longer  will  be  the  time  required  for  the  circui  t 
breakers  to  operate.  Therefore,  in  cases  where  the  earthing 
resistance  in  the  neutral  is  great  enough  to  prevent  the  auto- 
matic circuit  breakers  opening  practically  instantaneously,  an 


arrester  for  a  non-grounded  neutral  system  should  be  installed. 


PlGS.  2.399  to  2.401 .— Westinghouse  ground  fittings.  Fig.  2.399.  ground  plate ;  fig.  2. 4  k).  ground 
point;  fig.  2,401.  cap.  The  ground  plate  consists  of  a  circular  piece  of  cast  iron,  12 
inches  in  diameter,  l^g  inches  thick  with  a  %  inch  pipe  tap  in  center  to  connection  to 
arrester.  The  surface  is  increased  by  means  of  corrugations,  as  shown  in  the  accom- 
panying illustrations,  to  461  square  inches,  affording  ample  contact  with  the  earth  and 
enabling  it  to  take  care  of  all  discharges  through  the  arrester.  The  plate  should  prefer- 
ably be  buried  at  the  foot  of  the  pole  so  that  the  ground  wire  runs  to  it  in  a  straight  line 
from  the  arrester.  Care  should,  of  course,  be  taken  to  see  that  the  earth  in  which  the 
plate  is  buried  is  damp.  If  the  ground  wire  be  placed  within  the  pipe  leading  to  the 
ground  plate  it  should  be  soldered  to  a  cap  at  the  top  of  the  pipe  to  eliminate  th«  in- 
ductive effect  due  to  the  wire  being  surrounded  by  iron.  A  simple  and  effective  method 
of  securing  a  good  ground  is  by  means  of  an  iron  pipe  with  a  malleable  iron  point  having 
a  dipped  galvanized  finish,  and  a  brass  cap  with  a  lug  for  soldering  the  ground  wire. 
The  pipe  may  be  driven  into  the  earth,  or  it  it  be  too  hard  to  permit  driving,  a  amc  may 
be  dug  and  the  pipe  placed  therein.  It  should  extend  from  eight  to  ten  feet  above  and  ' 
below  the  earth  to  secure,  respectively,  a  good  ground  and  prevent  any  tampering  with 
the  ground  wire.  Should  it  be  desired  to  make  use  of  a  longer  pipe  which  would  be 
inconvenient  to  drive  into  the  earth,  two  pieces  can  be  used  and  connected  together 
by  a  coupling.  The  brass  cap  and  malleable  iron  point  arc  tapped  for  use  with     inch  pipe, 

Ground  Connections. — In  all  lightning  arrester  installa- 
tions it  is  of  the  utmost  importance  to  make  proper  ground 
connections,  as  many  lightning  arrester  troubles  can  be  traced 
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to  bad  grounds.  It  has  been  customary  to  ground  a  lightning 
arrester  by  means  of  a  large  metal  plate  buried  in  a  bed  of 
charcoal  at  a  depth  of  six  or  eight  feet  in  the  earth. 

A  more  satisfactory  method  of  making  a  ground  is  to  drive 
a  number  of  one  inch  iron  pipes  six  or  eight  feet  into  the  earth 
surrounding  the  station,  connecting  all  these  pipes  together  by 
means  of  a  copper  wire  or,  preferably,  by  a  thin  copper  strip. 
A  quantity  of  salt  should  be  placed  around  each  pipe  at  the  surface 


he*.  2,402  to  2.404. — General  Electric  magnetic  blow  out  ar renter  for  use  on  railways.  It 
cooaUts  of  an  adjustablt  spark  gap  in  series  with  a  resistance.  Part  of  the  re- 
ristance  is  in  shunt  with  a  blow  out  coil,  between  the  poles  of  which  is  the  spark  gap. 
The  parts  are  mounted  in  a  strong,  porcelain  box,  which,  for  car  and  pole  use,  is  in  turn 
mounted  in  a  substantial  asbestos  lined,  wooden  box.  In  operation,  when  the  lighting 
pressure  comes  on  the  line,  it  causes  the  spark  gap  to  break  down  and  a  discharge  occurs 
through  the  gap  and  the  resistance  rod  to  ground.  Part  of  the  current  shunts  through 
the  blow  out  coil  producing  a  strong  magnetic  field  across  the  spark  gap.  The  magnetic 
field  blows  out  the  discharge  arc  and  restores  normal  conditions.  The  resistance  is  only  (H) 
ohms  (for  500  volt  rating  work),  and  the  spark  gap  only  one-fortieth  of  an  inch  (.025  in.). 


of  the  ground  and  the  ground  should.be  thoroughly  moistened 
with  water.  It  is  advisable  to  connect  these  pipes  to  the  iron 
framework  of  the  station,  and  also  to  any  water  mains,  metal 
flumes,  or  trolley  rails  which  are  available. 

The  following  suggestions  are  made  for  the  usual  size  station. 

1.  Place  three  pipes  equally  spaced  near  each  outside  wall,  making 
twelve  altogether,  and  place  three  extra  pipes  spaced  about  six  feet 
apart  at  a  point  nearest  the  arrester. 
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2.  Where  plates  are  placed  in  streams  of  running  water,  they  should 
be  buried  in  the  mud  along  the  bank  in  preference  to  being  laid  in  the 
stream.   Streams  with  rocky  bottoms  are  to  be  avoided. 

3.  Whenever  plates  are  placed  at  any  distance  from  the  arrester, 
it  is  necessary  also  to  drive  a  pipe  into  the  earth  directly  beneath  the 
arrester,  thus  making  the  ground  connection  as  short  as  possible 
Earth  plates  at  a  distance  cannot  be  depended  upon.  Long  ground 
wires  in  a  station  cannot  be  depended  upon  unless  a  lead  is  carried  to 
the  parallel  grounding  pipes  installed  as  described  above. 

4.  As  it  is  advisable  occasionally  to  examine  the  underground  con- 
nections to  see  that  they  are  in  proper  condition,  it  is  well  to  keep  on 
file  exact  plans  of  the  location  of  ground  plates,  ground  wires  and  pipes 
with  a  bnef  description,  so  that  the  data  can  be  readily  referred  to. 


Pic.  2.405. — General  Electric  magnetic  blow  out  arrester  for  line  use.  It  consists  essentially 
of  a  small  stark  gap  which  is  in  series  u  tth  a  resistance,  and  between  the  pedes  of  a  magnet 
The  operation  is  similar  to  that  of  the  arrester  shown  in  figs.  2.402  to  2.404.  but  the  magnet 
is  a  permanent  magnet  instead  of  an  electromagnet.  The  spark  gap  and  the  magnet  air 
mounted  within  porcelain  blocks  in  such  a  way  that  the  discharge  arc  is  blown  by  the  mag- 
net through  an  arc  chute  and  a  cooling  grid  which  is  also  held  by  the  porcelain.  The 
cooling  grid  in  the  arc  chute  materially  assists  the  magnet  in  extinguishing  the  discharge 
arc.  giving  the  arrester  a  high  arc  ruptunng  quality .  The  series  rod  is  carborundum  and  is 
connected  externally  to  the  other  portion  of  the  arrester.    The  arrester  is  self  -con  tained. 

5.  From  time  to  time  the  resistance  of  these  ground  connections 
should  be  measured  to  determine  their  condition.  The  resistance  of 
a  single  pipe  ground  in  good  condition  has  an  average  value  of  about 
15  ohms.  A  simple  and  satisfactory  method  of  keeping  account  of  the 
condition  of  the  earth  connections  is  to  divide  tne  grounding  pipes 
into  two  groups  and  connect  each  group  to  the  110  volt  lighting  circuit 
with  an  ammeter  in  series. 

Choke  Coils. — A  lightning  discharge  is  of  an  oscillatorv 
character  and  possesses  the  property  of  self-induction,  accord- 
ingly it  passes  with  difficulty  through  coils  of  wire.  Moreover, 
the  frequency  of  oscillation  of  a  lightning  discharge  being  much 
greater  than  that  of  commercial  alternating  currents,  a  coil  can 
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readily  be  constructed  which  will  offer  a  relatively  high  re- 
sistance to  the  passage  of  lightning  and  at  the  same  time  allow 
free  passage  to  all  ordinary  electric  currents. 

Opinions  on  the  design  of  choke  coils  for  use  with  lightning  arresters 
vary  considerably.  Some  engineers  recommend  the  use  of  very  large 
choke  coils,  but  while  large  choke  coils  of  high  inductance  do  choke 
back  the  high  frequency  currents  better  than  smaller  coils  of  less  in- 
ductance, they  cost  more,  and  under  many  conditions  they  are  a  menace 
to  the  insulation  unless  the  lightning  arresters  be  installed  on  both 
sides  of  them. 


Pig.  2.406. — Westinghouse  line  suspension  choke  coil.  It  is  so  designed  that  it  can  be  in- 
serted directly  in  the  transmission  line  wire  or  in  the  station  wiring  and  held  in  position 
therein  by  the  tension  of  the  line  or  station  wires.  Because  of  the  fact  that  no  insulators 
are  required,  solely  to  support  this  choke  coil,  and  that  it  can  be  installed  in  either  a 
vertical  or  a  horizontal  position  it  can  often  be  utilized  effectively  in  power  and  sub- 
station layouts.  Terminals,  each  having  a  M  inch  round  hole,  to  accommodate  the 
conductors  are  provided  at  each  end  of  the  coil.  Three  square  headed  binding  screws 
are  supplied  which  clamp  the  conductors  in  position.  The  coil  is  provided  with  a  strain  insu- 
lator, so  arranged  within  the  coil  at  its  axis,  that  it  assumes  any  mechanical  tension 
transmitted  from  the  conductors.  No  mechanical  tension  reaches  the  turns  of  the  choke 
coil  proper.  In  construction,  the  choke  coil  is  made  in  but  one  size  having  a  current 
carrying  capacity  of  200  amperes  and  is  suitable  for  a  voltage  of  2.000  to  22,000.  For 
higher  voltages  than  22,000,  several  choke  coils  are  connected  in  series.  One  coil  is  used 
for  each  22,000  volts  or  fraction  thereof,  of  the  pressure  between  the  wires  of  the  cir- 
cuit. Application:  This  type  of  choke  coil  may  De  used  for  alternating  current  service 
for  the  entire  range  from  22,000  to  110,000  volts.  It  may  be  used  on  transformers,  but 
is  not  J  •©commended  for  the  protection  of  generators. 
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Part  of  the  functions  of  the  choke  coil  are  performed  by  the  cnc 
turns  of  a  transformer  and  extra  insulation  is  invariably  installed  in  al 
power  transformers  built  in  recent  years. 

The  choice  of  choke  coils  must  be  influenced  by  the  condition  o 
insulation  in  the  transformers  as  well  as  by  the  cost,  pressure  regulation 
and  nature  of  the  lightning  protection  required. 

Ques.   What  are  the  primary  objects  of  a  choke  coil  ? 


Ans.  To  hold  back  the  lighting  disturbance  from  the  circui1 
apparatus  during  discharge,  and  to  lower  the   frequency  o: 


PlGS.  2,407  I    2  109.— <  kc  coils.   Fig.  2.407.  hour  kIuss  choke  coil.  45,00< 

volts;  fig.  2,408,  low  voltage  choke  coil,  6.600  voil*;  fig.  2,409,  low  voltage  choke  coil. 

4.600  volts. 


the  oscillation  so  that  whatever  charge  gets  through  the  choke 
coil  will  be  of  a  frequency  too  low  to  cause  serious  pressure 
drop  around  the  first  turns  of  the  end  coil  in  either  alternator  oi 
transformer. 

If  there  be  no  arrester,  the  choke  coil  cannot  perform  the  first  function, 
accordingly  a  choke  coil  is  best  considered  as  an  auxiliary  to  an  arrester. 

Ques.  What  is  the  principal  electrical  condition  to 
be  avoided  with  a  choke  coil? 

Ans.    Resonance.    The  coil  should  be  so  arranged  that  ii 
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xntinual  surges  be  set  up  in  the  circuit,  a  resonant  voltage  due 
to  the  presence  of  the  choke  coil  cannot  build  up  at  the  trans- 
former or  generator  terminals.  This  factor  is  a  menace  to  the 
insulation.  Another  way  of  stating  the  condition  is  as  follows : 
So  arrange  the  choke  coil  as  not  to  prevent  surges,  originating 
in  a  transformer,  passing  to  the  arrester. 

Ques.  What  is  another  electrical  condition  to  be 
avoided  and  why? 

Ans.    Internal   static    capacity  between  adjacent  turns 


2,410. — Westinghouse  choke  coil  for  high  pressure  transmission  circuits.  2.200  to  25,000 
voh*,  Choke  coils  of  this  type  are  wound  without  iron  cores  on  circular  or  elliptical 
center  blocks.  They  have  a  large  number  of  layers  and  few  turns  per  layer  (except 
those  made  for  small  currents,  they  usually  have  one  turn  per  layer),  which  give  the  best 
condition  for  insulating  and  cooling.  They  are  air  cooled,  heavily  insulated  and  have  a 
line  lead  at  the  top.  as  shown.  Choke  coils  are  designed  to  prevent  the  short  circuits 
sometimes  caused  by  the  local  concentration  of  pressure  such  as  may  be  produced  by 
*  lightning  discharge.  They  limit,  to  some  extent,  an  abnormal  rise  of  pressure  on  the 
apparatus  by  delaying  the  advance  of  a  static  wave  from  the  line  and  thus  give  the  arres- 
ter more  time  to  act.  The  disturbance  caused  by  a  lightning  flash  passes  along  the  line 
m  the  form  of  a  surge  or  "tidal  wave."  If  this  wave  pass  a  choke  coil,  it  is  flattened 
out,  and  if  the  coil  be  of  sufficient  power,  becomes  practically  harmless.  It  is  evident, 
however,  that  the  choke  coil  receives  the  full  force  of  the  wave,  and  that,  consequently, 
it  must  be  heavily  insulated;  moreover,  the  choke  coil  must  not  overheat  under  load, 
nor  introduce  into  the  circuit  excessive  inductive  resistance. 
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of  the  choke  coil,  because  this  lowers  the  effectiveness  of  the  coil. 

Ques.  What  is  the  object  of  making  choke  coils  in 
the  form  of  an  hour  glass  ? 

Ans,    To  prevent  sagging  between  the  supports. 


Pig.  2,411. — Westinghouse  air  cooled  choke  coll  particularly  suitable  for  outdoor  use.  The 
method  of  mounting  is  such  that  insulation  for  any  desired  voltage  is  readily  obtained 
with  the  same  type  of  porcelain,  and  mounting  in  any  position  is  possible.  The  coll  is  s 
helix  of  aluminum  rod,  about  15  inches  in  diameter  and  containing  about  30  turns.  Brac- 
ing clamps  are  provided  to  give  mechanical  strength  to  the  helix,  and  the  rod  used  is  of 
sufficient  diameter  to  carry  200  amperes.  The  coil  is  supported  on  two  insulating  col- 
umns made  up  of  porcelain  insulators,  which,  except  for  the  end  pieces,  are  interchange- 
able. The  number  of  insulators  used  in  the  columns  depends  on  the  voltage  of  the  cir- 
cuit in  which  the  coil  is  to  be  used.  The  apparatus  can  be  mounted  in  any  position  con- 
venient for  the  wiring,  on  floor,  wall,  or  ceiling.  It  la  Intended  principally  for  the  pro- 
tection of  transformers.  Where  greater  reactance  than  is  afforded  by  a  single  coil  is 
desired  on  the  higher  voltage  circuits,  it  is  recommended  that  two  or  more  coils  be  con- 
nected in  series,  one  coil  being  used  for  each  22,000  line  voltage.  This  coil  should  not 
be  used  for  generators.  The  insulating  columns  are  supported  on  substantial  cast  iron 
blocks  on  wooden  bases. 


Ques.   How  are  choke  coils  cooled? 

Ans.    By  air,  or  by  oil. 

Ques.   For  what  service  are  oil  cooled  choke  coils  used? 

Ans.  On  circuits  of  pressures  above  25,000  volts,  choke 
coils  immersed  in  o;J,  as  are  transformer  coils,  have  advantages 
in  that  the  coil  is  amply  insulated  not  only  from  the  ground 
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ut  against  side  flash,  and  that  copper  of  comparatively  small 
ection  may  be  used  without  undue  heating. 


Fx  2,412.— Westinghouse  air  cooled  choke  coll.  for  voltages  of  from  2.200  to  110.000.  Ia 
construction,  the  coils  are  made  of  aluminum  rod  wound  into  a  helix  of  about  15  inches 
in  diameter  and  having  20  turns.  The  helix  is  supported  on  two  insulators.  For  me- 
chanical reasons  it  is  necessary  to  have  the  aluminum  rod  of  sufficient  site  to  secure 
rigidity,  consequently  every  coil  has  a  capacity  of  200  amperes  and  may  be  used  on  any 
await  up  to  that  capacity.  The  colls  are  insulated  according  to  the  standard  practice 
for  disconnecting  switches,  the  insulators  being  mounted  on  wooden  pins  supported  by 
•  wooden  base.  This  apparatus  can  be  mounted  in  any  position.  The  wiring  of  a  sta- 
tion or  sub-station  is  facilitated  because  the  protection  may  be  placed  so  as  to  simply 
form  part  of  the  wiring.  The  coils  are  symmetrical  so  that  it  is  immaterial  which  end 
is  connected  to  the  line  or  to  the  apparatus. 

"Static"  Interrupters. — A  static  interrupter  is  a  combination 
of  a  choke  coil  and  a  condenser,  the  two  being  mounted  together 
and  placed  in  a  tank  and  oil  insulated. 

It  is  used  on  high  pressure  circuits  and  its  function  is  to  so  delay  the 
erroneously  called  "static"  wave  in  its  entry  into  the  transformer  coil, 
that  a  considerable  portion  of  the  latter  will  become  charged  before  the 
terminal  will  have  reached  full  pressure, 
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A  choke  coil  alone  sufficiently  powerful  to  accomplish  thh 
would  be  too  large  and  costly  on  very  high  pressure  and  woulc 
interfere  with  the  operation  of  the  system. 

Ques.   How  is  the  condenser  and  choke  coil  connected  ? 

Ans.  The  condenser  is  connected  between  the  line  and  ground 
behind  the  choke  coil  near  the  apparatus  to  be  protected  ai 
shown  in  fig.  2,413. 


Fig.  2.413. — Diagram  showing  connections  of  static  interrupter  for  protecting  ft  transformer. 


Ques.   What  is  the  effect  of  the  condenser? 

Ans.  The  condenser,  which  has  a  very  small  electro-stati< 
capacity,  has  no  appreciable  effect  upon  the  normal  operation, 
but  a  very  powerful  effect  upon  the  static  wave  on  account  of 
its  extremely  high  frequency. 
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CHAPTER  LX 

REGULATING  DEVICES 

Regulation  of  Alternators. — Practically  all  the  methods  em- 
loyed  for  regulating  the  voltage  of  direct  current  dynamos 
nd  circuits,  are  applicable  to  alternators  and  alternating  current 
ircuits.  For  example:  in  order  that  they  shall  automatically 
laintain  a  constant  or  rising  voltage  with  increase  of  load, 
Iternators  are  provided  with  composite  winding  similar  to  the 
ompound  winding  of  direct  current  dynamos,  but  since  the 
ltcrnating  current  cannot  be  used  directly  for  exciting  the 
eld  magnets,  an  accessory  apparatus  is  required  to  rectify 

or  change  it  into  direct  current  before  it  is  used  for  that  purpose. 

It  is  a  fact,  however,  that  composite  wound  alternators  do 
ot  regulate  properly  for  inductive  as  well  as  non-inductive 
>ads. 

In  order  to  overcome  this  defect  compensated  field  alternators 
ave  been  designed  which  automatically  adjust  the  voltage  for 
II  variations  of  load  and  lag.  These  machines  have  already 
een  described. 


Alternating  Current  Feeder  Regulation. — With  slight 
lodifi  cation,  the  various  methods  of  feeder  regulation  employed 
ith  direct  current,  may  be  applied  to  alternating  current  distri- 
ution  circuits.  For  instance,  if  a  non-inductive  resistance  be 
itroduced  in  any  electric  circuit,  the  consequent  drop  in  voltage 
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will  be  equal  to  the  current  multiplied  by  the  resistance.  Then 
fore,  feeder  regulation  by  means  of  rheostats  is  practically  tl 
same  in  the  case  of  alternating  current  as  in  that  of  dire* 
current.  In  the  case  of  the  former,  however,  the  effect  of  sel 
induction  may  also  be  utilized  to  produce  a  drop  in  voltag 
In  practice,  this  is  accomplished  by  the  use  of  self-inductic 
coils  which  are  commonly  known  as  reactance  coils. 


Fig.  2,414. — Diagram  illustrating  the  principle  of  induction  voltage  regulators.  The  prima 
coll  P,  consisting  of  many  (urns  of  fine  uire,  is  connected  across  the  main  conductors  C  ai 
D,  coming  from  the  alternator.   The  secondary  coll  S,  consisting  of  a  few  turns  of  he  ; 
wire,  is  connected  in  series  with  the  conductor  D.    The  laminated  iron  core  E.  mountt 
within  the  coils,  is  capable  of  being  turned  into  the  position  shown  by  tho  dotted  hn 
When  the  core  is  vertical,  the  magnetic  lines  of  force  produced  in  it  by  the  primary  co 
induces  a  pressure  in  the  secondary  coil  which  aids  the  voltage;  when  turned  to  II 
position  indicated  by  the  dotted  lines,  the  direction  of  the  magnetic  lines  of  force  a 
reversed  with  respect  to  the  secondary  coil  and  an  opposing  pressure  will  be  produce 
therein.    Thus,  by <  turning  the  core,  the  pressure  different e  between  the  line  wires 
and  H,  can  be  varied  so  as  to  be  higher  or  lower  than  that  of  the  main  conductors 
and  D.    Regulators  operating  on  this  principle  may  be  used  for  theatre  dimmers,  as  co. 
trollers  for  series  lighting,  and  also  to  adjust  the  voltage  or  the  branches  of  unbaianc 
three  wire  single  phase  and  polyphase  systems. 
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Application  of  Induction  Type  Regulators. — In  supplying 
lighting  systems,  where  the  load  and  consequently  the  pressure 
drop  in  the  line  increases  or  decreases,  it  becomes  necessary  to 
raise  or  lower  the  voltage  of  an  alternating  current,  in  order 
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Fig.  2.415. — Diagram  of  induction  regulator  raising  the  voltage  10      In  the  diagram  an  alter- 
nator is  supplying  100  amperes  at  2,200  volts.   The  regulator  raises  the  feeder  pressure  to 
2,420  volts,  the  current  being  correspondingly  reduced  to  91  amperes,  the  other  9  amperes 
from  the  alternator  through  the  primary  of  the  regulator,  back  to  the  alternator. 


to  regulate  the  voltage  delivered  at  the  distant  ends  of  the 
system.  This  is  usually  accomplished  by  means  of  alternating 
current  regulators  or  induction  regulators.  A  devise  of  this  kind 
is  essentially  a  transformer,  the  primary  of  which  is  excited 
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PiG.  2.416.— Diagram  of  induction  regulator  lowering  the  voltage  10%.    The  diagram  shows 
the  regulator  lowering  the  feeder  pressure  to  1  ,«H0  volts  with  an  increase  of  the  secondary 
•     ,   1  ampert^the  additional  11  amperes  flowing  from  the  feeder,  through 
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by  being  connected  directly  across  the  circuit,  while  the  secondary 
is  in  series  with  the  circuit  as  shown  in  fig.  2,414.  By  this 
method  the  circuit  receives  the  voltage  generated  in  the  sec- 
ondary. 

Ques.   Name  two  types  of  pressure  regulator. 

Ans.  The  induction  regulator,  and  the  variable  ratio  trans- 
former regulator. 

Ques.   Of  what  does  an  induction  regulator  consist? 

Ans.  It  consists  of  a  primary  winding  or  exciting  coil,  a 
secondary  winding  which  carries  the  entire  load  current. 


PlG.  2.417. — Moving  element  or  primary  of  Westinghousc  motor  operated  single  phase  ir.- 
duction  regulator.  It  consists  of  a  core  of  punchings  built  up  directly  on  the  primary 
shaft  and  carrying  the  primary  winding,  which  is  divided  into  four  coils.  The  primary 
coils  are  machine  wound  and  the  layers  of  the  winding  are  separated  from  each  other  by 
heavy  insulating  material  in  addition  to  the  cotton  covering  of  the  inductors.  The  com- 
plete coils  are  insulated  and  impregnated  with  insulating  compound  before  being  placed 
in  the  slots.   The  coils  arc  held  in  position  by  fibre  wedges. 

The  primary  is  wound  for  the  full  transmission  voltage,  and  is  con- 
nected across  the  line,  while  the  secondary  is  connected  in  series  with 
the  line. 

Ques.   What  is  its  principle  of  operation? 

Ans.  When  the  primary  coil  is  turned  to  various  positions* 
the  magnetic  flux  sent  through  the  secondary  coil  varies  in  value, 
thereby  causing  corresponding  variation  in  the  secondary  volt- 
age, the  character  of  which  depends  upon  the  value  and  direc- 
tion of  the  flux* 
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Ques.  What  is  the  effect  of  turning  the  secondary 
coil  to  a  position  at  right  angles  with  the  primary  coil? 

Ans.  The  primary  will  not  induce  any  voltage  in  the  second- 
ary, and  accordingly  it  has  no  effect  on  the  feeder  voltage. 

Ques.   What  is  this  position  called  ? 

Ans.    The  neutral  position. 

Ques.  What  are  the  effects  of  revolving  the  primary 
coil  from  the  neutral  position  first  in  one  direction  then 
in  the  other? 


Pic.  2.418. — Moving  element  or  primary  of  Westinghouse  motor  operated  polyphase  induc- 
tion regulator. 

Ans.  Turning  the  primary  in  one  direction  increases  the 
voltage  induced  in  the  secondary,  thus  increasing  the  feeder 
voltage  like  the  action  of  a  booster  on  a  direct  current  circuit 
while  turning  the  primary  in  the  opposite  direction  from  the 
neutral  position,  correspondingly  decreases  the  feeder  voltage. 

Ques.  It  was  stated  that  for  neutral  position  the 
primary  had  no  effect  on  the  secondary;  does  the  sec- 
ondary have  any  effect  on  the  feeder  voltage? 

Ans.    The  secondary  tends  to  create  a  magnetic  field  of  its 
own  self-induction,  and  has  the  effect  of  a  choke  coil. 
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Ques.   How  is  this  tendency  overcome? 

Ans.  The  primary  is  provided  with  a  short  circuited  winding, 
placed  at  right  angles  to  the  exciting  winding.  In  the  neutral 
position  of  the  regulator,  this  short  circuited  winding  acts  like 
the  short  circuited  secondary  of  a  series  transformer,  thus 
preventing  a  choking  effect  in  the  secondary  of  the  regulator. 

Ques.  What  would  be  the  effect  if  the  short  circuited 
winding  were  not  exployed? 


Fic.  2.419. — Top  end  of  stationary  element  or  secondary  oi  Westinghouse  polyphase  induc- 
tion regulator;  view  showing  leads.  The  secondary  is  built  up  in  a  short  skeleton  frame 
with  brackets  for  the  rotor  bearings  bolted  to  the  frame  and  the  top  cover  bolted  to  the 
top  brackets.  In  assembling  the  secondary,  the  punchings  are  stacked  loosely  in  the 
skeleton  frame  and  an  expanding  building  mandrel  placed  inside  the  punchings  and 
expanded,  thereby  truing  up  the  latter  before  they  are  finally  compressed  and  the  end 
plates  keyed  in  position.  Then,  prior  to  rcmovin«  the  mandrel  a  finishing  cut  is  taken 
on  the  surface  of  the  frame  to  which  the  bearing  brackets  are  attached,  and  as  the  top 
cover  and  brackets  are  also  accurately  machined  the  alignment  of  the  primary  with  the 
secondary  is  almost  perfect,  thus  reducing  to  a  minimum  the  tendency  to  develop  vibra- 
tion and  noise. 

Ans.  The  voltage  required  to  face  the  full  load  current 
through  the  secondary  would  increase  as  the  primary  is  turned 
away  from  either  the  position  of  maximum  or  minimum  regu- 
lation, reaching  its  highest  value  at  the  neutral  position. 
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The  short  circuited  winding  so  cuts  down  this  voltage  of  self-induction 
that  the  voltage  necessary  to  force  the  full  load  current  through  the 
secondary  when  the  regulator  is  in  the  neutral  position  is  very  little 
more  than  that  necessary  to  overcome  the  ohmic  resistance  of  the 
secondary . 

Ques.  What  effect  is  noticeable  in  the  operation  of  a 
ting)e  phase  induction  regulator? 

Ans.  It  has  a  tendency  to  vibrate  similar  to  that  of  a  single 
phase  magnet  or  transformer. 


Fx.  2.420.— Bottom  end  of  stationary  element  or  secondary  of  Westinghouse  polyphase  in- 
faction  regulator. 

Ques.  Why? 

Ans.  It  is  due  to  the  action  of  the  magnetizing  field  varying 
in  strength  from  zero  to  maximum  value  with  each  alteration 
of  the  exciting  current,  thus  causing  a  pulsating  force  to  act 
across  the  air  gap,  which  tends  to  cause  vibration  when  the 
moving  part  is  not  in  perfect  alignment. 

Ques.  Explain  the  effect  produced  by  bad  alignment? 

Ans.  If  the  bearings  of  the  primary  be  not  in  perfect  align- 
ment with  the  bore  of  the  secondary,  thereby  making  the  air 
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gap  on  one  side  smaller  than  that  on  the  other,  the  crowdir 
over  of  the  flux  to  the  smaller  air  gap  will  cause  an  intermit tei 
pull  in  that  direction,  which  will  develop  vibration  unless  tl 
primary  bearings  are  tight  and  the  shaft  sufficiently  stiff  1 
withstand  the  pull. 

Ques.  Upon  what  does  the  regulator  capacity  for  ar 
given  service  depend  ? 


Fig.  2,421. — Wcstinghouse  two  kw.,  hand  operated,  air  cooled  induction  regulator  for  testir 
purposes. 

Ans.  It  depends  upon  the  range  of  regulation  required  am 
the  total  load  on  the  feeder. 

Ques.   How  is  the  capacity  stated  ? 

Ans.    In  percentage  of  the  full  load  of  the  feeder. 

For  instance,  on  a  100  kilowatt  circuit,  a  10  kw.  regulator  will  giv 
10  per  cent,  regulation,  and  a  5  kw.  regulator,  5  per  cent,  regulation. 

Polyphase  Induction  Regulators. — The  polyphase  indue 
tion  regulator  is  similar  to  the  single  phase  regulator  excepl 
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that  both  the  primary  and  secondary  elements  are  wound  with 
as  many  sets  of  coil  as  there  are  phases  in  the  circuit. 

In  construction  these  windings  are  distributed  throughout 
the  complete  circumference  of   the  stationary  and  moving 


PlG.  2.422. — Westinghouse  polyphase  motor  operated  induction  regulator  showing  operating 
mechanism.  The  primary  shaft  is  turned  by  means  of  a  bronze  worm  wheel  engaging 
a  forged  steel  worm,  provided  with  a  ball  bearing  end  thrust.  This  worm  gear  is  housed 
in  a  separate  casting  bolted  to  the  cover.  The  casting  is  made  separate  in  order  to  per- 
mit close  adjustment  between  the  worm  wheel  and  the  worm  to  aid  in  counteracting 
the  tendency  to  vibration.  Pinished  surfaces  on  the  worm  gear  casting  are  provided  for 
mounting  the  motor  and  the  brake.  On  the  automatic  regulator,  the  worm  shaft  is  con- 
nected to  the  motor  through  a  spur  gear  and  pinion,  which  constitutes  a  compact  driv- 
ing device  having  very  little  friction.  Provision  is  made  for  either  alternating  current 
or  direct  current  motor  drive.  When  a  motor  driven  regulator  is  operated  by  hand,  the 
brake  must  be  held  in  the  release  position,  otherwise  it  will  be  impossible  to  operate  the 
regulator.  In  the  hand  operated  regulator  the  spur  gear  is  replaced  by  a  hand  wheel 
and  the  regulator  is  driven  directly  from  the  worm  shaft. 

elements  and  closely  resemble  the  windings  of  an  induction 
motor. 

Polyphase  regulators  have  but  little  tendency  to  vibrate 
because  the  field  across  the  air  gap  is  the  resultant  of  two  or 
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more  single  phase  fields  and  is  of  a  constant  value  at  all  times. 
This  field  rotates  at  a  rate  depending  upon  the  number  of  pole 
and  the  frequency  of  the  circuit.  This  produces  a  mechanical 
pull  of  constant  value  which  rotates  with  the  magnetic  field 
varying  its  position  from  instant  to  instant. 

It  is  evident  that  this  pull  is  of  an  entirely  different  character 
from  that  produced  by  the  single  phase  field  and  that  there  is 
no  tendency  to"  set  up  the  vibration  that  the  mechanical  pull 
of  the  single  phase  regulator  tends  to  establish. 


Fig  2  423. — General  Electric  adjustable  compensation  shunt.  It  ts  used  as  the  compensat- 
ing shunt  for  direct  current  voltage  regulators.    In  operation,  the  shunt  may  be  adjusted 

so  as  to  compensate  for  any  desired  line  drop  up  to  15  per  cent.  It  is  pre! crably  placed 
in  the  principal  lighting  feeder  but  may  be  connected  to  the  bus  bars  so  that  it  will  take 
the  total  current.  The  latter  method  is  sometimes  undesirable,  as  large  fluctuating  power 
loads  on  separate  feeders  might  disturb  the  regulation  of  the  lighting  feeders.  Adjust- 
ment is  made  by  sliding  the  movable  contact  shown  at  the  center  of  the  shunt.  1  his  con- 
tact may  be  clamped  at  any  desired  point  and  it  determines  the  pressure  across  the  com- 
pensating winding  of  the  regulator's  control  magnet.  Where  pressure  wires  are  run  back 
to  the  central  station  from  the  center  of  distribution,  they  may  be  connected  directly  to 
the  pressure  winding  of  the  main  control  magnet,  and  it  is  unnecessary  to  use  the  com- 
pensating shunt. 

There  is,  however,  considerable  torque  developed,  and  the 
device  for  revolving  the  moving  element  must  be  liberally 
designed  so  as  to  withstand  the  excess  torque  caused  by  tem- 
porary overloads  or  short  circuits. 

Ques.  In  what  respects  do  polyphase  induction  regu- 
lators differ  in  principle  from  single  phase  regulators? 

Ans.    The  induced  voltage  in  the  secondary  has  a  constant 
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ralue,  and  the  regulation  is  effected  by  varying  the  phase  rela- 
ion  between  the  line  voltage  and  the  regulator  voltage. 

Ques.    How  is  the  primary  wound  ? 

Ans,  It  is  wound  with  as  many  separate  windings  as  there 
.re  phases  in  the  circuit,  and  these  primary  or  shunt  windings 
re  connected  to  the  corresponding  phases  of  the  feeder. 


J.424. — General  Electric  direct  current  (form  S)  voltage  regulator.  It  consists  of 
•  main  control  magnet,  relay,  condenser  and  reversing  switch,  as  shown  in  the  diagram 
fif.  2.428.  This  regulator  cannot  be  used  (or  compensation  of  line  drop  as  the  current  coil 
is  omitted;  it  is  not  a  switchboard  instrument,  but  is  designed  for  inexpensive  installa- 
tions such  as  for  regulating  the  voltage  of  motor  generator  sets  when  the  current  is  taken 
from  a  trolley  line  or  some  other  fluctuating  source.  The  regulating  outfit  comprises, 
besides  the  regulator,  one  or  more  condenser  sections  according  to  field  discharge,  set  of 
iron  brackets  when  regulator  cannot  be  mounted  on  front  of  switchboard,  one  compen 
sating  shunt,  when  it  is  desired  to  compensate  for  line  drop.  Field  rheostats  having 
sufficient  resistance  to  reduce  the  voltage  the  proper  amount  must  be  used  with  voltage 
regulator  installations.  To  prevent  undue  decay  at  the  relay  contacts,  allow  one  section 
for  each  15  kw.  capacity  of  dynamo  with  laminated  poles,  and  one  for  each  22  kw.  capacity 
with  solid  steel  poles. 


Ques.  What  kind  of  magnetizing  flux  is  produced  by 
the  primary  windings? 

Ans.    A  practically  constant  flux  which  varies  in  direction 
Ques.    How  is  the  secondary  wound? 

Ans.    There  is  a  separate  winding  for  each  phase. 

Ques.  Why  is  the  voltage  induced  in  the  secondary 
constant? 

Ans.    Because  of  the  constant  magnetizing  flux. 
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Ques.  How  is  the  line  voltage  varied  by  a  polyphasy 
regulator? 

Ans.  When  the  regulator  is  .  in  the  position  of  maxhmut 
boost,  the  line  AB,  fig.  2,425  represents  the  normal  busbd 
voltage,  BC  the  regulator  voltage,  and  AC  the  resultant 
feeder  voltage.  When  the  regulator  voltage  is  displaced  18(! 
degrees  from  this  position,  the  regulator  is  in  the  position  ti 
deliver  minimum  voltage  to  the  feeder,  the  regulator  voltag* 
being  then  represented  by  BD,  and  the  resultant  feeder  voltage 


Pic.  2.425— Diagram  illustrating  operation  of  polyphase  induction  regulator. 


by  AD.  When  the  regulator  voltage  is  displaced  angularly  ii 
the  direction  BF,  so  that  the  resultant  feeder  voltage  AF  be 
comes  equal  to  the  normal  busbar  voltage  AB,  the  regulator  i: 
in  the  neutral  position.  Intermediate  resultant  voltages  foi 
compensating  the  voltage  variations  in  the  feeders  may  Ik 
obtained  by  rotating  the  moving  element  or  primary  in  eithes 
direction  from  the  neutral  position.  For  example,  by  rotating 
the  primary  through  the  angle  FBE,  the  resultant  voltage  ma\ 
be  made  equal  to  AE  or  AJ,  thereby  increasing  the  feeder  voltage 
by  an  amount  BJ;  or  by  rotating  it  in  the  opposite  directior 
through  the  angle  FBG,  the  feeder  voltage  may  be  reduced  b} 
an  amount  BH. 
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Ques.  How  are  induction  regulators  operated  ? 

Ans.   By  hand  or  automatically. 

Ques.   How  is  automatic  operation  secured? 

Ans.  By  means  of  a  small  motor,  controlled  by  voltage 
regulating  relays. 

Ques.  How  is  the  control  apparatus  arranged? 

Ans.  Two  relays  are  employed  with  each  regulator,  a  primary 
relay  connected  to  the  feeder  circuit  and  operating  under  changes 
of  voltage  therein,  and  a  secondary  relay  connected  between 
the  primary  relay  and  the  motor,  and  operated  by  the  contacts 

M     M  M 

Pk.  2,426.— West  inghouse  voltage  regulating 
primary  relay;  view  of  mechanism  with  case 
removed.  This  relay  is  practically  a  volU 
meter  arranged  for  making  and  breaking  con- 
tact* *nth  fluctuations  of  voltage.  As  shown 
m  the  figure,  it  consists  essentially  of  a  sole- 
•  1  ^nd  a  NV*ii*rt  bam  carrying  two  mov- 
able contact  points  on  one  end  and  attached 
to  the  solenoid  core  at  the  other.  The  oscil- 
hbon  of  the  core  causes  the  contact  carrying 
ead  of  the  beam  to  move  between  two  station, 
vy  contact  points  connected  to  the  auxiliary 
or  •econdary  relay  circuit.  The  stationary 
contact  points  are  fitted  with  adjusting  screws 
for  either  increasing  or  decreasing  the  dis- 
tance between  them,  to  the  amount  of  change 
■  the  voltage  required  for  making  or  break- 
ing contact;  in  other  words,  for  varying  the 
fensitiveueas  of  the  relay.  Means  for  vary- 
ing the  normal  voltage  which  it  is  desired  to 
SSuntain  are  provided  in  the  spring  attached 
to  the  balance  beam  and  controlled  by  the 
aerometer  adjusting  screw.  Increasing  the 
tension  of  the  spring  results  in  lowering  the 
normal  voltage  position.  The  relay  is  wound 
far  a  normal  voltage  of  1 10  volts,  and  has 
s  range  of  adjustment  from  90  to  130  volts. 
The  total  energy  required  for  its  operation  is 
shoot  50  watts  at  normal  voltage.  Voltage 
transformers  having  at  least  50  watts  capac- 
ity are,  therefore,  required.  The  parts  arc: 
A,  solenoid;  B.  solenoid  core;  C,  end  of  bal- 
ance beam;  D,  pivots,  bearings;  E,  movable 
contact  arm;  P.  upper  stationary  contact 
point;  G,  lower  stationary  contact  point;  H, 
adjusting  screw  •  K,  adjusting  spring;  L,  feeder 
beading  posts-  M,  auxiliary  circuit  and  sec- 
ondary relay  binding  posts. 
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of  the  former,  for  starting,  stopping  and  reversing  the  motor 
accordance  with  changes  in  the  feeder  voltage,  thereby  causrq 
the  regulator  to  maintain  that  voltage  at  its  predetermine 
normal  value. 

G   G  G  G 

1    i  T  I 


Fig.  2.427. — Westinghouse  voltage  regulating  secondary  relay;  view  showing  relay  retnovi 
from  oil  tank.   jThe  secondary  relay  is  practically  a  motor  starting  switch  of  the  dw 
xjle  double  throw  type,  electrically  operated  through  the  contacts  of  the  primary  rci 
t  is  provided  with  contact  points  of  one-half  inch  rod.   The  relay  is  suitably  connect! 
or  starting,  stopping  and  reversing  the  motor  and  for  properly  operating  the  mod 
Take.    The  parts  are:  A,  solenoid;  B,  laminated  field;  C,  movable  contact  arm;  I 
stationary  contact  arms;  E,  removable  brass  contact  points;  F,  terminal  block;  G,  ts 
minals. 

Ques.   Why  are  two  relays  used  ? 

Ans.  For  the  reason  that  a  primary  relay,  of  sufRciec 
accuracy  and  freedom  from  errors  due  to  temperature  an 
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frequency  variations,  could  not  be  made  sufficiently  powerful 
to  carry  the  relatively  large  current  required  for  operating  the 
motor. 

Ques.   What  names  are  given  to  the  relays? 

Ans.    Primary  and  secondary. 

Ques.  What  difficulties  were  encountered  In  the 
operation  of  relays? 

Ans.    Vibration  or  chattering  at  the  contacts  of  both  relays 


BUS  BAR$ 


Fig.  2,428. — Diagram  of  connections  of  General  Electric  direct  current  (form  S)  voltage 
regulator,  for  125,  250,  and  550  volts.  The  range  of  voltage  is  given  in  the  follow- 
ing table: 


Range  of  voltage 

Regulator 

16 

17 

18 

19 

20 

ior> 

110 

115 

120 

125 

210 

230 

240 

250 

550 

• 

and  tendency  of  the  movable  contact  arm  of  the  piimary  relay 
to  hug  closer  to  one  of  the  stationary  contact  points  than  to  the 
other,  thereby  operating  too  often. 

Ques.  What  causes  vibration  or  chattering  at  the 
contacts? 

Ans.    This  is  due  to  the  voltage  frequently  approximating 
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the  value  required  for  closing  a  contact,  thereby  causing  the 
contact  points  to  barely  touch  and  make  several  poor  contacts 
in  succession. 

Ques.  What  objectionable  action  is  produced  by 
vibration  at  the  contacts? 

Ans.  Arcing,  burning  and  pitting  of  the  contacts,  even  when 
alloys  of  the  rarer  metals  are  used,  such  as  those  of  the  platinum 
group,  having  extreme  hardness  and  high  melting  points. 

TO  LOAD 


VJRAV.TORMER 


Ls 


RtlAY. 


o  TART  ; MO  PES.SIAMCE. 


TO  BUS  BARS 


Fig.  2.429. — Diagram  uf  connections  of  automatic  induction  regulator  and  auxiliary  appjr»tm 
on  single  phase  circuit. 

Ques.  What  effect  is  produced  by  poor  contact  of  the 
primary  relay  ? 

Ans.    It  causes  chattering  in  the  secondary  relay;  which 
burns  out  and  wears  away  its  contact  points,  increasing  the 
heating  of  the  motor,  creating  objectionable  noise  and  en 
wear  and  tear  on  the  whole  outfit. 
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Ques.  Why  does  the  movable  contact  arm  of  the 
primary  relay  tend  to  remain  nearer  one  of  the  stationary 
contact  points  than  the  other? 

Ans.  This  is  due  to  the  tendency  of  the  relay  to  open  the  con- 
tact whenever  the  voltage  equals  that  at  which  the  contact  closes. 

Ques.  What  provision  is  made  in  the  primary  relay 
to  prevent  vibration  or  chattering? 

Ans.  Two  auxiliary  windings  are  provided:  one  in  series 

SPHASt  UNE 

SECONDARY 

 N 

f  f-«    I?  13 


LIMIT-***  Bp 

Switch  r^_^p 


TOFILDW  CIRCUIT 

*ic.  2.430. — Diagram  of  connections  of  automatic  induction 
tus  on  three  phase  feeder  circuit. 


regulator  and  accessory  appara- 


tith  each  of  the  stationary  contact  points  and  so  arranged  as 
o  assist  in  making  the  contact  by  increasing  the  pressure  on 
he  contact  points  at  the  instant  of  closure. 


The  best  effect  of  the  compounding  action  of  the  auxiliary  coils  te 
obtainable  when  arranged  for  J  per  cent,  of  the  torque  of  the  main  ca> 


torque 
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Fig.  2,431. — Westinghouse  drum  type  variable  transformer  voltage  regulator.    It  consists  of 

a  drum  and  finger  type  switch.  A  preventive  resistance  is  used  between  the  different 
contacts,  making  it  unnecessary  to  open  the  circuit  when  moving  from  one  tap  of  the 
regulating  transformer  to  the  next  tap.  A  spring  actuated,  quick  moving,  central  stop- 
ping mechanism  is  used  to  prevent  burning  the  resistances.  The  regulator  is  arranged 
to  give  40  points  of  regulation.  In  many  cases  this  large  number  of  points  is  not  abso- 
lutely necessary,  but  it  is  desirable  to  use  them  because  the  voltage  per  step  is  thus  re- 
duced to  a  small  value,  and  a  corresponding  increase  in  the  life  of  the  contacts  result* 
because  of  the  reduced  sparking  at  the  lower  voltage.  Two  drums  are  employed.  The 
first  drum  has  ten  contacts  and  a  corresponding  number  of  fingers,  the  latter  bew^ 
mounted  upon  an  insulated  bar.  These  fingers  are  connected  to  the  floating  coils  or 
the  regulating  transformer,  and  as  the  drum  is  rotated,  the  finger  connected  to  the  las- 
is  brought  into  contact  successively  with  each  of  the  ten  taps.  The  second  drum  is  c- 
similar  construction  and  consists  of  a  changing  and  reversing  switch.  It  connects  tht 
two  floating  coils  to  the  various  taps  on  the  main  secondary  coil  of  the  regulating  trass* 
former  at  the  proper  time,  and  also  reverses  the  transformer  so  that  the  total  windinf 
can  be  used  for  either  raising  or  lowering  the  voltage.  All  the  points  of  regulation  art 
obtained  by  a  continuous  motion  of  the  handle,  the  various  connections  produced  in  the 
manner  are  shown  in  the  diagram,  fig.  2.433.  The  top  and  base  of  the  regulator  are  road* 
of  cast  iron  and  the  top  is  supported  by  steel  bars,  two  of  which  are  insulated,  and  used 
to  support  the  metallic  bases  finger  to  which  the  cable  leads  are  attached.  The  drum* 
consist  of  metal  castings  mounted  upon  insulated  shafts.  The  first  drum,  which  is  the 
only  one  upon  which  arcing  can  take  place,  is  provided  with  removable  copper  contact 
tips.  The  main  castings  are  made  of  aluminum  to  secure  low  inertia  of  the  drum.  A 
sheet  iron  cover  is  used  to  enclose  the  regulator,  and  the  leads  are  brought  out  througt 
the  bottom  of  the  controller.  1 
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A  non-inductive  resistance  placed  in  parallel  with  each  coil  of  the 
secondary  relay,  takes  current  approximately  in  phase  with  the  current 
in  the  main  coil  of  the  primary  relay  ,  and  of  proper  strength  to  make  the 
number  of  ampere  turns  in  the  auxiliary  cod  three-fourths  per  cent,  of 
the  number  in  the  main  coil.  The  resistances  have  the  additional  effect 
of  absorbing  the  "discharge"  from  the  main  coils  of  the  secondary  relay 
when  the  contacts  are  broken,  thereby  obviating  sparking  at  the  primary 
contact  points. 


of  the  Stillwell  regulator. 


Variable  Ratio  Transformer  Voltage  Regulators. — The 

principle  of  operation  of  this  class  of  regulator  is  virtually  the 
same  as  that  of  the  induction  type  regulator;  that  is  to  say, 
both  consist  of  regulating  transformers,  but  in  the  variable 
ratio  method  the  primary  or  series  coil  is  divided  into  a  number 
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Fig.  2,433. — Diagram  showing  position  of  the  floating  coil 
on  different  steps  of  Westinghouse  drum  type  variable  ratio 
transformer  regulator.  The  upper  half  of  the  diagram 
shows  the  connections  of  the  various  coils  for  each  position  of 
the  regulator  handle.  This  arrangement  applies  to  a  regu- 
lator used  in  connection  with  an  independent  regulating 
transformer.  When  regulators  are  used  in  connection  with 
large  power  transformers,  the  regulating  transformer  can  be 
omitted  and  auxiliary  coils  can  be  placed  on  the  main  trans- 
former to  provide  the  necessary  taps  for  regulating  purposes. 
The  lower  naif  of  the  diagram  shows  the  connections  ustd  when 
auxiliary  coils  are  added  to  a  large  transformer.   The  dia- 


gram shows  connections  for  a  single  phase  regulator. 

Where  polyphase  regulators  are  required,  the  connections 
■ntially  of  two  sets  of  single  phase  connection,  and 


the  controller  is  extended  in 
of  drum  and  contact. 


of  sections  which 
may  be  successively 
cut  in  or  out  of  the 
circuit  to  be  regul- 
ated, instead  of 
varying  the  flux 
through  the  entire 
coil,  as  in  the  in- 
duction  type. 
There  are  two  dis- 
tinct mechanical 
forms  of  variable 
ratio  regulator: 

L  Drum  type; 

2.  Dial  type. 

Drum  Type 
Regulators. — 

This  form  of  vari- 
able ratio  transfor- 
mer consists  essen- 
tially of  a  drum  and 
finger  type  switch 
similar  to  a  rail- 
way controller. 

There  are  many 
contacts,  giving  a 
large  number  of 
points  of  regula- 
tion, obtained  by 
the  use  of  chang- 
ing switches  and 
floating  coils. 
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The  floating  coil  is  a  part  of  the  secondary  winding  of  the  regu- 
lating transformer  which  is  insulated  from  the  main  portion  of  the 
winding,  and  is  sub-divided  by  taps  into  a  number  of  equal  sections. 

The  sub-divisions  of  the  main  secondary  winding  are  much 
larger,  each  one  being  equivalent  to  the  whole  of  the  floating  coil. 

Ques.    Describe  the  operation  of  a  drum  regulator. 

Ans.    The  floating  coil  and  main  windings  are  first  connected 


®  © 


Pig  2.434. — Diagram  of  connections  of  General  Electric  hlfth  voltage  cut  out  relay  (form 
>.)  for  voltage  regulators.  Its  use  in  connection  with  the  regulator  protects  the  system 
from  any  sudden  rise  in  voltage  due  to  some  accident  to  the  regulator  which  might  cause 
the  relay  contacts  to  stick,  thus  producing  full  field  on  the  exciter.  In  construction,  the 
control  magnet  is  connected  in  series  with  the  alternating  current  control  magnet  on  the 
regulator  and  the  contacts  are  connected  in  series  with  the  rheostat  shunt  circuit.  Then, 
should  the  voltage  rise  beyond  a  certain  value,  predetermined  by  the  setting  of 
the  thumb  screw  supporting  the  plunger  of  the  control  magnet,  the  contacts  of  the  relay 
are  tripped  open  which,  by  inserting  all  the  resistance  in  the  exciter  field,  reduces  the  exciter 
voltage  which  in  turn  reduces  the  alternating  current  voltage.  This  relay  has  to  be  reset  by  hand. 

in  series  with  each  other  and  with  the  line  to  be  regulated.  The 
floating  coil  is  then  cut  out  of  the  circuit  step  by  step.  When 
entirely  cut  out  it  is  transferred  to  the  next  lower  tap  on  the 
"nain  winding,  after  which  it  is  again  cut  out  step  by  step  and 
hen  transferred  again.  By  continuing  this  process  a  large 
lumber  of  steps  are  provided  with  but  comparatively  few  actuaj 
aps  on  the  transformer- 
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Ques.    How  many  floating  coils  are  used  and  why? 

^ns.  Two  floating  coils  are  included  in  each  regulator  so 
that  one  can  be  transferred  while  the  other  is  supplying  the 
current  to  the  line. 


Dial  Type  Regulators. — This  form  of  variable  ratio  trans- 
former regulator  consists  of  a  regulating  transformer  and  a  dial 


FlC.  2.435. — Dial  of  Wcstinghouse  dial  type  variable  ratio  voltage  regulator.  The  dial 
consists  of  a  marble  slab,  upon  which  the  contacts  are  mounted  in  a  circle  as  shown. 
The  contact  arm  is  arranged  to  move  from  contact  to  contact.  The  alternate  small  con- 
tacts are  dummies,  serving  to  prevent  the  contact  arm  springing  down  between  contacts 
when  moving  from  one  to  another.  The  panel  contains  a  changing  switch  which  makes 
it  possible  to  double  the  range  of  a  regulator,  since  the  transformer  connections  can  1* 
changed  to  both  raise  and  lower  to  an  extent  equal  to  the  full  range  of  the  transformer 
The  total  range  in  voltage  from  a  certain  per  cent,  below  to  a  certain  per  cent,  above  the 
line  voltage  can  be  obtained  in  a  number  of  steps  equal  to  twice  the  number  of  divisions 
into  which  the  secondary  winding  ot  the  transformer  is  divided. 


type  switch  as  shown  in  the  accompanying  illustrations.  The 
regulating  transformer  is  similar  to  a  standard  transformer 
except  that  the  secondary  winding  is  provided  with  a  numbei 
of  taps  leading  to  the  contact  of  the  dial  switch  as  shown  in 


the  diagram  fig.  2.437. 
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Ques.  What  modification  is  made  to  adapt  dial  regu- 
lators for  heavy  current? 

Ans.  A  dial  with  a  series  transformer,  and  a  shunt  or  auto- 
transformer  are  employed  as  shown  in  fig.  2,436. 

Ques.    Why  is  such  modification  desirable? 

Ans.    Because,  the  additional  cost  of  a  series  transformer  is 


Pic  2.430.  —  Diagram  of  connections  for  Westinghouse  11  point  dial,  series  transformer  and 
auto- transformer.  The  auto-transformer  has  a  number  of  taps  connected  across  the 
line,  the  series  transformer  is  placed  in  series  with  one  side  of  the  line,  and  connected  to 


a  dial,  as  shown. 

small  in  comparison  with  the  cost  of  building  a  dial  with  a  large 
[rurrent  carrying  capacity,  and  the  cost  of  bringing  out  a  number 
A  heavy  leads  from  a  small  transformer. 

Ques.  How  are  dial  regulators  modified  for  high 
roltage? 

-Ans.  Standard  dials  may  be  used  with  series  and  shunt  trans- 
ormers  similar  to  the  method  used  for  heavy  current  circuits. 
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Ques.   Describe  the  connec 

Ans.   The  primary  of  the  shunt  1 
across  the  line  and  the  secondary  has 
are  connected  to  contacts  on  the  dial, 
transformer  is  connected  in  series  wit 
the  secondary  winding  are  connec 

ctions  are  similar  to  those  si 
are  used  instead  of  ai 
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iagram  of  connections  for  Westinghouse  dla 

In  construction  the  secon        w;n  !n... 
20  parts  giving  11,  15,  or  21  taps  which  arc  bt 
d  connected  to  the  various  points  of  the  dm 
for  an  11  point  dial  and  regulating  transformer.  Sil 
between  adjacent  contacts,  the  contact  arm  must 
is  eoctsf  until  after  it  has  left  Ik      niaci  ufim 
to  open  the  circuit  each  time  in  ma 
conflicting  requirements  are  met  by  the  ube 
arm  so  that  a  very  close  ad justmen 
•i  are  not  short  circuited  but  alvrays 
in  the  circuit  during  the  time  of  cj 
form  a  "preventive  resistance."    A  q< 
tent  from  one  contact  to  the 
to  avoid  undue  arcing.  The  capacity  <f 
to  give  a  maximum  increase  Jfl 
is  25  volts. 
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Ques.   Describe  the  connections. 

Ans.  The  primary  of  the  shunt  transformer  is  connected 
across  the  line  and  the  secondary  has  a  number  of  taps  which 
are  connected  to  contacts  on  the  dial.  The  primary  of  the  series 
transformer  is  connected  in  series  with  the  line  and  two  leads 
from  the  secondary  winding  are  connected  to  the  dial. 

The  connections  are  similar  to  those  shown  in  fig.  2,437,  except  that 
shunt  transformers  are  used  instead  of  auto-transformers. 


FlC.  2.437. — Diagram  of  connections  for  Westinghouse  dial  type  variable  ratio  voltage  trans- 
former. In  construction  the  secondary  winding  of  the  transformer  is  divided  into  10, 
14,  or  20  parts  giving  11,  15,  or  21  taps  which  are  brought  out  from  the  secondary  wind- 
ing and  connected  to  the  various  points  of  the  dial.  The  diagram  shows  connections 
for  an  11  point  dial  and  regulating  transformer.  Since  there  is  a  difference  of  voltage 
between  adjacent  contacts,  the  contact  arm  must  not  touch  the  contact  toward  wktck 
it  is  moving  until  after  it  has  left  the  contact  upon  which  it  was  resting.  Moreover,  it 
is  undesirable  to  open  the  circuit  each  time  in  moving  from  one  contact  to  the  next. 
These  conflicting  requirements  are  met  by  the  use  of  arcing  tips  which  are  place*!  on 
the  contact  arm  so  that  a  very  close  adjustment  can  be  obtained,  and  so  arranged  that 
the  contacts  are  not  short  circuited  but  always  have  a  gap  of  from  one-sixteenth  to  one- 
eighth  inch  in  the  circuit  during  the  time  of  changing  from  one  contact  to  the  next.  The 
air  gaps  form  a  "preventive  resistance."  A  quick  moving  mechanism  is  used  to  accel- 
erate the  movement  from  one  contact  to  the  next,  a  very  quick  movement  being  neces- 
sary to  avoid  undue  arcing.  The  capacity  of  the  regulator  is  200  amperes  at  2.200  vo'rts. 


arranged  to  give  a  maximum  increase  in  voltage  of  400  volts.   The  niaximua  pres- 
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It  will  be  seen  that  the  circuit  comprising  the  dial,  the  secondary 
of  the  shunt,  transformer  and  the  secondary  of  the  series  transformer 
form  a  circuit  which  is  not  electrically  connected  to  the  main  circuit. 
It  can  therefore  be  grounded  without  disturbing  the  main  circuit  as  a 
safeguard  to  render  it  impossible  foi  the  pressure  of  the  dial  to  be  higher 
above  the  ground  than  the  secondary  voltage  of  the  shunt  transformer. 


PRIMARY 


SECONDARY 


(XL  DUCT 


igs.  2,444  to  2.446. — Sectional  views  of  General  Electric  pole  type  regulator  winding  and 
core.  The  secondary  core  has  only  two  slots  containing  a  single  coil,  while  the  rotor  or 
primary  core  has  four  slots.  Two  of  these  slots  are  occupied  by  a  single  primary  coil, 
and  the  two  circular  slots  in  auadrature  thereto  contain  the  compensating  or  short  cir- 
cuit winding.  This  winding  also  serves  to  hold  the  primary  punchings  together,  and  it 
consists  of  two  copper  rods  riveted  to  the  two  cast  brass  flanges.  The  secondary  coil  is 
form  wound,  while  the  primary  coil  is  wound  directly  on  the  core.  The  rotor  flanges, 
both  top  and  bottom,  are  provided  with  discs  which  are  turned  in  alignment  with  the 
punchings.  aad  these  discs  bear  against  the  top  and  bottom  flanges  between  which  the 
secondary  punchings  are  clamped.  These  secondary  flanges  are  also  turned  in  alignment 
with  the  secondary  punchings,  so  that  an  even  air  gap  between  the  primary  and  the  second- 
ary is  assured.  The  secondary  coil  is  wound  with  an  opening  in  the  upper  horizontal 
part  which  affords  passage  for  the  operating  shaft  of  the  rotor.  A  bearing  for  this  shaft 
is  provided  in  the  table  which  supports  the  mechanism  and  from  which  the  regulator  is 
suspended.  Flexible  leads  are  brought  out  from  the  rotor  and  twisted  around  the  shaft 
as  in  standard  regulator  practice.    The  regulator  being  two  pole,  the  rotor  is  turned 

of  180  deg.  to  obtain  the  full  range  of  the  regulator. 

Digitized  by  Goj|^ 


HA  WKINS  ELECTRICITY 


Small  Feeder  Voltage  Regulators. — In  some  generating 
stations  the  voltage  is  maintained  constant  at  the  busbars  and 
the  line  drop  compensated  by  automatically  operated  regu- 
lators connected  in  the  main  feeders.  It  is  possible  in  this  way 
to  obtain  constant  voltage  at  all  loads  at  the  various  distribution 
centers,  that  is,  at  those  points  on  the  feeders  where  the  lines  of 
the  majority  of  consumers  are  connected  as  shown  in  fig.  2,447. 


Pigs.  2.447  and  2.448. — Systems  of  distribution  illustrating  use  of  small  feeder  or  pole  type 
voltage  regulators. 

It  is  evident,  however,  that,  while  the  voltage  at  the  center 
of  distribution  can  be  maintained  constant,  no  account  can 
be  taken  of  the  drop  in  the  lines  between  this  center  and  the 
consumers.  This  drop  is  generally  negligible,  except  in  some 
particularly  long  lines,  as,  for  example,  consumer  B  in  fig.  2,447. 
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In  order  to  obtain  perfect  regulation  at  B,  it  would  be  neces- 
s'itj  to  install  a  separate  regulator  in  that  line,  this  regulator 
to  be  installed  either  at  the  center  C  or  preferably  at  B. 

In  a  great  many  cases  the  power  distribution  is  not  as  ideal  as  indicated 
in  fig.  2,447,  but  rather  as  shown  in  fig.  2,448,  that  is,  the  consumers 
are  connected  all  along  the  feeder.  In  this  case  there  is  no  definite 
center  of  distribution,  and  the  automatic  regulator  installed  in  the 
station  can  be  adjusted  to  give  only  approximately  constant  voltage  at 
an  imaginary  center  of  distribution  C;  that  is,  the  voltage  cannot  be 
held  constant  at  any  definite  point  during  changes  of  load  d*V ribution. 


rK.  2  449. — General  Electric  pole  type  regulator  in  service;   its  construction  is  shown  in 
fig  2.450. 

The  majority  of  the  consumers  may,  however,  obtain  sufficiently 
good  voltage  while  a  few  may  have  reason  for  criticism.  To  overcome 
this  difficulty  it  is  necessary  either  to  increase  the  copper  in  the  feeder 
or  else  to  install  small  automatic  regulators. 

There  are  also  cases  where  a  small  amount  of  power  is  transmitted 
along  distance  through  a  feeder  direct  from  the  station. 

The  amount  of  copper  required  to  reduce  the  line  drop  is  usually  too 
great  to  be  considered  and  the  cost  of  the  ordinary  automatic  regulator 
is  also  comparatively  high.  In  such  cases  small  pole  type  regulators  as 
ihown  in  fig.  2,449  are  desirable, 
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Ques.  Describe  the  operation  of  the  regulator  median 
ism  shown  in  fig.  2,450. 

Ans.  Assuming  the  voltage  to  be  normal,  the  balance  am 
of  the  relay  will  be  held  horizontal,  the  trips  F  will  not  engage 


fftG.  2.450. — Mechanism  of  General  Electric  pole  type  regulator.  The  operating  motor 
scribed  in  fig.  2.438)  is  direct  connected  to  a  worm  and  gear,  the  shaft  of  which  is  pn> 
vided  with  a  bell  crank.   A  rod  A,  connects  the  crank  with  the  rockef  arm  B,  which  tha 
may  be  caused  to  oscillate  over  a  ratchet  wheel  C.    The  rocker  arm  is  provided  » 
two  pawls  Di  which  can  engage  with  the  teeth  of  the  ratchet  wheel,  so  that  this  wbee 
can  be  rotated  one  way  or  the  other.   The  ratchet  wheel  is  mounted  on  the  same  sru« 
as  a  worm,  which  engages  with  the  gear  segment  carried  by  the  regulator  shaft,  so 
the  movement  of  the  ratchet  wheel  is  directly  transmitted  to  the  regulator.  Be" 
two  large  pawls  D,  the  rocker  arm  also  carries  two  smaller  ones  E,  called  the 
These  triggers  usually  hold  the  pawls  locked  in  such  positions  as  not  to  engage  wi 
ratchet  wheel,  but  the  pawls  will  be  released  when  the  triggers  strike  the  trips  F  of 
relay  arm.    A  limiting  device  for  the  movement  of  the  ratchet  wheel  and  the  regulat 
segment  is  provided,  as  shown.   This  device  consists  of  two  cams  K,  mounted  on»co 
mon  arm.  which  can  turn  on  the  shaft  of  the  ratchet  wheel.    Normally  these  cams 
not  within  reach  of  the  pawls,  but  through  a  lever  arrangement,  controlled  by  the 
lator  segment,  the  arm  holding  the  cams  may  be  rotated  so  that,  if  the  trigger  has 
raised,  so  as  to  rele  ase  the  pawl,  the  tip  of  the  pawl  will  bear  on  the  cam  of  the  luniti 
device,  and  l>eforc  the  pawl  can  engage  with  the  ratchet  wheel  it  has  already  been  lock 
by  its  trigger.    A  furthe,  movement  of  the  ratchet  wheel  in  that  particular  direction  J 
therefore  impossible,  while  it  is  free  to  lx*  moved  the  other  way.   A  positive  stop  for  t» 
gear  segment  is  also  provided.    The  motor  is  provided  with  oil  ring  bearings,  and 
for  the  motor  worm  runs  in  oil.  the  supporting  casting  forming  a  well  therefor. 
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with  the  triggers  E,  and  no  movement  is  therefore  transmitted 
to  the  ratchet  wheel  C.  If  the  voltage  drop  below  normal,  the 
left  hand  trip  will  descend  until  it  finally  gets  in  the  way  of  the 
left  hand  trigger  just  before  it  reaches  the  limit  of  its  counter- 
clockwise  travel.  This  trigger  will  therefore  release  the  left 
oawl  D,  which  will  engage  with  the  ratchet  wheel  and  will 


J  SMUM1 
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Pic.  2,451.— Diagram  of  connections  of  General  Electric  direct  current  voltage  regulator 
(form  T)  with  two  dynamos  and  one  exciter.  >  In  cases  where  several  shunt  or  compound 
wound  direct  current  machines  are  operating  in  parallel,  either  on  two  wire  or  three  wire 
systems,  a  good  arrangement  for  voltage  regulation  and  line  drop  compensation  is 
obtained  by  using  this  regulator  and  a  separate  exciter.  The  compensating  shunt  as  well 
wires  can  be  used  to  maintain  a  constant  pressure  at  the  center  of  distribution. 


xnsequently  turn  it  clockwise  until  the  rocker  arm  reaches  its 
■ight  hand  limit.  Before  the  rocker  arm  reaches  the  left  hand 
imit,  the  released  pawl  must  be  locked  by  its  trigger,  so  that 
(  the  voltage  has  reached  its  normal  value,  further  movement 
>f  the  ratchet  wheel  will  not  take  place,  whereas  if  the  voltage 
ic  still  too  low,  the  trigger  will  again  release  the  pawl  by  striking 
he  trip  of  the  relay. 
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Ques.  How  is  this  automatic  locking  of  the  paw  | 
obtained  ? 

Ans.  By  having  a  lip  G  on  the  under  side  of  the  pawl  strike| 
a  finger  H  fastened  to  the  bearings  in  front  of  the  ratchet  wheeL 

The  pawl  is  thus  raised  just  before  it  reaches  the  limit  of  its  clockwisq 
travel  sufficient  to  be  locked  by  its  trigger. 


BOLT 


TRIPOD 


TRIPOD 


CONDENSER  SECTIONS 

Pig.  2,452. — Condenser  sections  and  method  of  assembling  same  with  tripod.  The  trlj 
holts  are  made  of  extra  length  to  accommodate  the  addition  of  extra  condenser  sects  c 
if  necessary.   The  illustration  shows  three  sections  in  position. 

Ques.  How  does  the  mechanism  operate  when  thi 
voltage  rises  above  normal  ? 

Ans.    As  described  above,  with  the  exception  that  the  ri[ 
hand  trip  causes  a  rotation  of  the  regulator  in  the  opposite 
direction. 

Ques.   How  is  adjustment  made  for  various  voltagesi 

Ans.    Taps  are  provided  on  the  resistance  in  series  with 
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relay,  and  finer  adjustment  can  be  obtained  by  means  of  the 
helical  spring  on  the  right  hand  end  of  the  balance  arm. 

In  order  to  adjust  the  sensitiveness  of  regulation,  the  bearing  for  the 
balance  arm  can  be  raised  or  lowered  by  means  of  a  stud  J,  fig.  2,450, 
connecting  this  bearing  with  the  bearing  of  the  operating  shaft,  and  the 
regulator  can  be  made  to  maintain  the  voltage  within  1  per  cent,  above 
or  below  normal. 


Fig,  2.453. — Westinghousc  unit  switch  type  pressure  regulator,  designed  for  handling  heavy 
currents  where  a  variable  ratio  transformer  type  of  regulator  is  desired.  The  regulator 
consists  of  a  number  of  electrically  operated  switches  controlled  from  a  master  switch. 
These  switches  are  arranged  to  perform  practically  the  same  cycle  of  operation  as  pre- 
viously described  for  the  drum  type  regulators.  The  transformer  windings  are  divided 
into  sections,  and  two  floating  coils  are  provided  which  are  connected  to  various  taps 
cm  the  main  auto-transformer.  These  floating  coils  have  intermediate  steps,  and  the 
si  iff  i  linm  operation  of  the  switches  connects  the  floating  coils  in  proper  sequence  to  the 
main  auto-transformer,  and  transfers  the  line  connection  from  one  point  or  the  floating 
coil  to  the  next.  In  this  way  a  23  point  regulator  with  sixteen  switches,  and  a  71  point 
regulator  with  21  switches  may  be  supplied.  The  master  switches  are  arranged  with  an 
automatic  lock  to  prevent  their  being  operated  too  rapidly.  The  magnet  switches  them- 
selves are  so  interlocked  that  the  proper  sequence  of  operation  is  insured.  The  electrically 
operated  switches  may  be  of  the  open  type,  mounted  on  a  slate  or  marble  switchboard, 
when  the  whole  control  outfit  is  placed  in  a  room  which  is  comparatively  free  from  dust 
or  dirt  of  any  kind,  and  where  there  is  no  danger  of  employees  coming  in  contact  with 
the  switches.  The  other  type  of  switch  is  entirely  enclosed,  the  main  contacts  being 
oil  immersed.  The  frames  of  these  switches  are  grounded  and  the  whole  design  is  ar- 
ranged to  operate  under  ordinary  dirty  conditions.  All  of  these  switches,  however,  should 
receive  the  necessary  Inspection  and  attention.  The  contacts  have  a  long  life  and  ire 
easily  renewed.  Regulators  of  this  type  are  adapted  for  metallurgical  purposes  where 
the  regulation  is  effected  in  the  primary  circuit  and  the  secondary  circuit  is  of  very  low 
voltage  but  large  current  capacity  and  is  used  for  supplying  power  to  the  furoaeea. 
These  regulators  have  been  built  in  capacities  up  to  800  amperes  at  3,300  volts. 
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Ques.  What  provision  is  made  for  convenient  inspection  ? 

Ans.  A  snap  switch  is  provided  by  means  of  which  the  power 
to  the  motor  and  relay  can  be  disconnected. 


Automatic  Voltage  Regulators  for  Alternators. — The 

accurate  regulation  of  voltage  on  any  alternating  current  system 


Figs.  2.454  and  2.455. — Front  and  rear  views  of  General  Electric  automatic  voltage  regulatoi. 
The  regulator  has  a  direct  current  control  magnet,  an  alternating  current  control  «a«f> 
net,  and  a  relay.  The  direct  current  control  magnet  is  connected  to  the  exciter  bus  bars. 
This  magnet  has  a  fixed  stop  core  in  the  bottom  and  a  movable  core  in  the  top  which 
is  attached  to  a  pivoted  lever  having  at  the  opposite  end  a  flexible  contact  pulled  down- 
ward by  four  spiral  springs.  For  clearness,  however,  only  one  spring  is  shown  in  the 
figure.  Opposite  the  direct  current  control  magnet  is  the  alternating  current  control 
magnet  which  has  a  pressure  winding  connected  by  means  of  a  pressure  transformer  to 
the  alternator  or  bus  bars.  There  is  an  adjustable  compensating  winding  on  the  alter- 
nating  current  magnet  connected  through  a  current  transformer  to  the  principal  lighting 
feeder.  The  obiect  of  this  winding  is  to  raise  the  voltage  of  the  alternating  current  bus 
bars  as  the  load  increases.  The  alternating  current  control  magnet  has  a  movable  core 
and  a  lever  and  contacts  similar  to  those  of  the  direct  current  control  magnet,  and  the 
two  combined  produce  what  is  known  as  the  "(loading  main  contacts."  The  relay  con- 
sists of  a  U  shaped  magnet  core  having  a  differential  winding  and  a  pivoted  armathrt 
controlling  the  contacts  which  open  and  close  the  shunt  circuit  across  the  exciter  fkdi 
rheostat.  One  of  the  differential  windings  of  the  relay  is  permanently  connected  across 
the  exciter  busbars  and  tends  to  keep  the  contacts  open;  the  other  winding  is  connected 
to  the  exciter  bus  bars  through  the  floating  main  contacts  and  when  the  latter  are  closed, 
neutralizes  the  effect  of  the  first  winding  and  allows  the  relay  contacts  to  short  circuit 
the  exciter  field  rheostat.  Condensers  arc  connected  across  the  relay  contacts  to  pre- 
vent severe  arcing  and  possible  injury. 
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is  of  importance.  The  desired  voltage  may  be  maintained 
constant  at  the  alternator  terminals  by  rapidly  opening  and 
closing  a  shunt  circuit  across  the  exciter  field  rheostat. 

Ques.  Describe  in  more  detail  this  method  of  regu- 
lation. 

Ans.  The  rheostat  is  first  turned  in  until  the  exciter  voltage 
is  greatly  reduced  and  the  regulator  circuit  is  then  closed.  This 
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Pic.  2.456. — Diagram  of  connections  of  General  Electric  contact  making  ammeter  for  oper- 
ating on  alternating  current  circuits.  The  instrument  is  designed  to  indicate  with  the  aid 
of  a  current  transformer,  certain  values  of  current  in  an  alternating  current  system.  This 
value  depends  upon  the  setting  of  the  regulating  rheostat  in  parallel  with  the  pressure 
coil  of  the  ammeter.  It  is  also  possible  with  this  instrument,  together  with  the  neces- 
sary control  apparatus,  to  hold  certain  values  of  current.  By  using;  a  different  magnet 
coil  this  meter  may  be  connected  to  a  shunt  instead  of  a  current  transformer  and  used 


short  circuits  the  rheostat  through  contacts  in  the  regulator  and 
the  voltage  of  the  exciter  and  alternator  immediately  rise.  At  a 
predetermined  point,  the  regulator  contacts  arc  automatically 
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opened  and  the  field  current  of  the  exciter  must  again 
through  the  rheostat.  The  resulting  reduction  in  voltage  is 
arrested  at  once  by  the  closing  of  the  regulator  contacts  which 
continue  to  vibrate  in  this  manner  and  keep  the  generator  voltage 
desired  limits.  The  connections  are  shown  in  fig.  2,457. 
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Fig.  2.457. — Diagram  of  General  Electric  automatic  voltage  regulator  connections  with  alter- 
nator and  exciter.  >  In  operation,  the  circuit  shunting  the  exciter  field  rheostat  throug5- 
the  relay  contacts  is  opened  by  means  of  a  single  pole  switch  at  the  bottom  of  the  regu- 
lator panel  and  the  rheostat  turned  in  until  the  alternating  current  voltage  is  reduced 
<kr)  per  cent,  below  normal.  This  weakens  both  of  the  control  magnets  and  the  floating 
main  contacts  are  closed.  This  closes  the  relay  circuit  and  demagnetizes  the  relay  nw- 
net,  releasing  the  relay  armature,  and  the  spring  closes  the  relay  contacts.  The  sing  f 
pole  switch  is  then  closed  and  as  the  exciter  field  rheostat  is  short  circuited,  the  exciter 
voltage  will  at  once  rise  and  bring  up  the  voltage  of  the  alternator.  This  will  strengths 
the  alternating  current  and  direct  current  control  magnets,  and  at  the  voltage  for  which 
the  counterweight  has  been  previously  adjusted,  the  main  contacts  will  open.  The  relay 
magnet  will  then  attract  its  armature  and  by  opening  the  shunt  circuit  at  the  relay  con- 
tacts will  throw  the  full  resistance  into  the  exciter  field  circuit  tending  to  lower  the  ex- 
citer and  alternator  voltage.  The  main  contacts  will  then  be  again  closed,  the  exciter 
field  rheostat  short  circuited  through  the  relay  contacts  and  the  cycle  repeated.  Th>« 
ition  is  continued  at  a  high  rate  of  vibration  due  to  the  sensitiveness  of  the  control 


operation 


and  maintains  a  steady  exciter  voltage. 


Line  Drop  Compensators.— In  order  that  the  actual  voltage 
at  a  distant  point  on  a  distribution  system  may  be  read  at  the 
station  some  provision  must  be  made  to  compensate  for  the  line 
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drop,  that  is  to  say,  for 
the  difference  in  volt- 
age between  the  alter- 
nator and  the  center  of 
<iistribution. 

In  order  to  do  this 
a  device  which  is  known 
as  a  "line  drop  compen- 
sator" is  placed  in  the 
voltmeter  circuit  as 
shown  in  the  diagram, 
fig.  2.458. 

Que*.  What  are  the 
essential  parts  of  a 
line  drop  compen- 
sator? 

Ans.  The  elements  of 
a  Hne  drop  compensator 
are  a  variable  resistance, 
and  a  variable  induct- 
ance. 

Que*.   Describe  the 
ections. 


Ans.  The  secondary 
of  a  pressure  transformer 
is  connected  in  series  with 
the  compensator  induct- 
ance and  resistance,  and 
the  secondary  of  a  cur- 
rent transformer  as  shown 
in  the  diagram,  fig.  2,458. 
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Ques.   How  are  the  inductance  and  resistance  wound? 

Ans.  They  are  wound  so  that  any  proportion  of  the  winding 
of  either  can  be  put  in  or  out  of  the  voltmeter  circuit. 


Fig.  2,459. — General  Electric  une  drop  compensator.  It  lias  two  dial  switches  with  many 
taps  to  the  resistance  and  reactance  in  the  box  so  that  it  can  be  adjusted  to  compen- 
sate accurately  for  line  losses  with  loads  of  varying  power  factor.  Dial  R  changes  re- 
sistance, and  dial  X,  reactance. 


FlG.  2.4GO. — General  Electric  line  drop  compensator.    This  compensator  contains 

"  resistance  and  inductance,  a  current  transformer,  the  secondary  of  the  transformer  being 
connected  in  series  with  the  resistance  and  inductance;  the  primary  of  the  contained 
current  transformer  is  connected  to  an  external  current  transformer.  The  reactance  and 
resistance  are  both  so  wound  that  any  proportion  of  the  winding  can  be  cut  in  or  out  d 
the  voltmeter  circuit.  Both  elements  have  12  points  of  adjustment  of  one  volt  each, 
giving  a  total  combined  drop  at  maximum  setting  of  about  17  volts. 
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Ques.  How  can  the  voltmeter  indicate  the  pressure 
at  the  center  of  distribution? 

Ans.  If  the  amount  of  inductance  and  resistance  be  properly 
adjusted,  there  will  be  produced  a  local  circuit  corresponding 
exactly  in  all  its  characteristics  to  the  main  circuit.  Hence,  any 
change  in  the  main  circuit  produces  a  corresponding  change  in 
the  local  circuit,  and  causes  the  voltmeter  to  always  indicate 


Pic  2,461. — Westinghouse  line  drop  compensator.  For  single  phase  circuits,  one  compen- 
sator and  one  series  transformer,  that  is  the  instrument  as  listed  with  transformers,  will 
Bive  correct  indications  for  a  single  phase  circuit.  The  same  voltage  transformer  serves 
for  both  voltmeter  and  compensator.  For  balanced  two  phase  circuits  one  compensator 
and  one  transformer  connected  in  one  of  the  phases  is  sufficient.  Two  single  phase  com- 
pensators should  be  used  for  unbalanced  two  phase  circuits.  For  three  phase  circuits 
the  compensator  should  be  connected  by  means  of  two  series  transformers. 

the  pressure  at  the  end  of  the  line  or  center  of  distribution  or 
at  any  point  for  which  the  adjustment  is  made. 

Ques.   How  should  the  adjustment  hi  made? 

Ans.  It  is  advisable  to  calculate  the  ohmic  drop  for  full  load 
and  set  the  resistance  arm  at  the  point  which  will  give  the 
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Pig.  2.462.— Diagram  of  automatic  voltage  regulator,  using  line  drop  compensator.  For 

ordinary  installations  the  compensating  winding  on  the  alternating  Current  control  mag- 
net is  connected  to  a  current  transformer  in  the  mam  feeder.  A  dial  switch  is  pro- 
vided by  which  the  strength  of  the  alternating  current  control  magnet  can  be  varied 
and  the  regulator  made  to  compensate  for  any  desired  line  drop  up  to  15  per  cent,  ac- 
cording to  the  line  requirements.  Where  the  power  factor  of  the  load  has  a  wide  rangr 
of  variation,  a  special  line  drop  compensator,  such  as  shown  in  fig.  2,459,  adapted  to 
the  regulator  would  be  desirable.  The  connections  are  readily  understood  by  the  dia 
gram.  The  number  of  condenser  sections  which  will  prevent  undue  arcing  at  the  rela 
contacts  depends  on  the  characteristics  of  the  exciter.  They  may  be  roughly  estimated  by 
allowing  one  section  for  each  15  kw.  capacity  for  exciters  with  laminated  poles,  and  one 
for  each  22  kw.  capacity  for  exciters  with  solid  steel  poles.  It  is  necessary  though  to 
have  one  condenser  section  for  each  pair  of  relay  contacts,  and  at  times  it  becomes  nece*- 

lection  for  each  pair  of  contacts.   In  the  lower  part  of  the  figur* 


sary  to  apply 
the  line  drop 


NOTE. — It  is  desirable,  in  any  system  of  distribution,  to  read  the  active  voltage  at  the 
point  of  distribution,  by  means  of  the  voltmeters  in  the  station.  A  compensator  proper 
consists  of  a  variable  resistance  and  a  variable  inductance,  and  sometimes  a  current  trans- 
former, In  wiring,  the  voltmeter,  instead  of  being  connected  directly  across  the  secondaries 
of  a  pressure  transformer,  has  inserted  in  series  with  it,  portions  of  the  resistance  and  ir 
ductance  of  the  compensator.  These  are  so  connected  that  the  drop  in  pressure  across 
will  be  combined  with  that  of  the  pressure  transformer,  so  that  the  voltmeter  reading 
es  the  pressure  at  the  center  of  distribution  or  end  of  the  line. 

Digitized  by  Googl 


REGULATING  DEVICES 


required  compensation  and  then  adjust  the  inductance  arm 
until  the  voltmeter  reading  corresponds  to  the  voltage  at  the 
point  on  the  line  selected  for  normal  voltage. 


Starting  Compensators. — These  are  used  for  starting 
induction  motors  and  consist  of  inductive  windings  (one  for 
each  phase)  with  a  number  of  taps  connecting  with  switch 
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PlO.3,4©.—  Diagram  of  connections  of  General  Electric  two  phase  starting  compen- 
sator with  no  voltage  release  and  fuses. 

contacts  as  shown  in  fig.  2,463.  A  starting  compensator  is 
similar  to  a  rheostat  except  that  inductive  windings  are  used  in 
jlace  of  the  resistance  grids. 

Ques.    Describe  the  inductive  windings. 

Ans.  The  compensator  winding  consists  of  an  inductive 
x>il  in  each  phase  with  each  coil  placed  on  a  separate  leg  of  a 
aminated  iron  core.  Each  coil  is  provided  with  several  taps 
10  located  that  a  number  of  sub-voltages  may  be  obtained. 
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Ques.  Are  starting  compensators  necessary  for  small 
motors?  Why? 

Ans.  No,  because  the  full  voltage  starting  current  taken, 
although  equal  to  several  times  the  load  current,  is  never- 
theless so  small,  compared  with  the  capacity  of  the  station 
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of  connections  of  General  Electric  three  phase  starting 
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Fio.  2,465.— Diagram  cf  connections  of  General  Electric  two  phase  starting  coropen 
«ator  with  no  voltage  release  and  overload  reUys  for  1,040  to  2,500  volt  circuits. 
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alternators  or  feeders,  that  it  does  not  materially  affect  the 
regulation  of  the  circuit. 

Motors  larger  than  about  7  horse  power  cause  an  objectionably  heavy 
rush  of  current  if  thrown  directly  on  the  line.  Starting  comp«nsators 
obviate  such  sudden  variations  of  line  load  and  are  accordingly  recom- 
mended for  motors  above  7  horse  power  except  in  cases  where  voltage 
variations  aoid  excessive  starting  currents  are  not  objectionable. 


PlCS.  2.466  and  2.467. — General  Electric  three  phase  hand  operated  starting  compensator 
Pig.  2.466,  compensator  in  case;  fig.  2.467.  compensator  with  case  removed.  The  com- 
pensator consists  of  a  core  and  windings,  a  cable  clamp,  and  a  switch,  assembled  in  a  sub- 
stantial metal  case  with  external  operating  handle  and  release  lever.  The  windings 
consist  of  coils  wound  on  separate  legs  of  a  laminated  core,  and  tapped  at  several  points, 
the  connections  terminating  at  the  switch  contacts.  The  shaft  of  the  switch  extends 
through  the  sides  of  the  compensator  case,  and  is  operated  by  a  lever  at  the  right,  being 
held  in  the  running  position  by  a  lever  at  the  left.  It  is  provided  with  wiping  contacts. 
The  switch  is  immersed  in  oil,  and  is  intended  to  be  used  as  a  line  switch  as  well  as  for 
starting  the  motor.  The  lever  has  three  positions:  "off,"  "starting,"  and  "running." 
In  the  oif  position,  both  compensator  and  motor  windings  are  disconnected  from  the 
line.  In  the  starting  position,  the  switch  connects  the  line  to  the  ends  and  the  motor  to 
the  taps  of  the  compensator  winding  without  overload  relays  or  fuses  in  circuit.  In 
the  running  position,  the  compensation  winding  is  cut  out  and  the  motor  is  connected  to 
the  line  through  suitable  fuses  or  overload  relays  mounted  directly  above  the  compen- 
sator. To  prevent  the  attendant  throwing  the  motor  directly  on  the  line,  and  thereby 
causing  a  rush  of  current  which  it  is  the  object  of  the  compensator  to  avoid,  an  auto- 
matic  latch  is  provided  and  so  arranged  that  the  lever  at  off  position  can  be  thrown  only 
into  the  starting  position  (backward);  and  can  be  thrown  thence  into  the  running  position 
(forward)  only  by  a  quick  throw  of  the  lever,  whereby  any  appreciable  drop  in  speed  and  con- 
sequent increase  in  current  in  passing  from  the  starting  into  the  running  position  is  avoided 
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Ques.  What  should  be  noted  with  respect  to  the 
compensator  winding  taps? 

Ans.  The  choice  of  a  tap  giving  so  low  a  voltage  as  to  require 
over  one  minute  for  starting  should  be  avoided  so  as  to  prevent 
the  overheating  to  which  starting  compensators,  in  common 
with  other  motor  starting  devices,  are  liable  if  left  in  circuit 
unnecessarily  long,  or  if  the  motor  be  started  several  times  in 
rapid  succession. 
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Fig.  2.468.— Diagram  of  connections  of  General  Electric  three  phase  starting  compensate- 

with  no  voltage  release  and  overload  relays.  ■ 

It  should  also  be  noted  that  the  starting  current  diminishes  rapidly 
as  full  speed  is  approached.  It  is,  therefore,  important  that  the  switch 
be  kept  in  the  starting  position  until  the  motor  nas  finished  accelerating 
to  prevent  any  unnecessary  rush  of  current  when  the  switch  is  thrown 
to  the  running  position. 


Ques.  What  is  the  usual  arrang< 
compensators  for  large  motors? 


int  of  star 


Vns.    Starting  compensators  may  be  wound  for  any  voltage 
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P»r*.  2.469. — General  Electric  starting  com- 
pensator with  low  voltage  release  and  over- 
load relays.  On  the  switch  shaft  there  arc 
JQoanted  two  levers,  held  together  with  a 
ttrong  spring  which  operates  in  either  direc- 
tion and  prevents  the  switch  being  left  on  the 
starting  position.  On  the  running  side  it  is 
beld  by  the  external  low  voltage  release  lever 
until  released  either  by  hand  or  by  the  action 
of  a  km  voltage  relay.  The  low  voltage  re- 
lease consists  of  a  cast  iron  frame  open  at 
tb*  bottom  and  totally  enclosing  the  coil.  #  A 
laminated  plunger  is  used  to  hold  the  tripping 
lever,  the  latter  engaging  with  the  lever 
mounted  on  the  switch  shaft.  The  compen- 
sator cannot  be  thrown  into  the  running 
position  without  first  going  to  the  starting 
position  and  it  cannot  be  left  on  the  start- 
ing position. 


or  current  for  which  it  is  prac- 
ticable to  build  motors.  For 
very  large  motors  the  switch- 
ing device  is  generally  sep- 
arate from  the  compensator 
itself  and  consists  of  triple  and 
four  pole  switches  for  three 
phase  and  two  phase  motors 
respectively.  One  double 
throw  switch  or  two  inter- 
locked single  throw  switches 
are  required  for  the  motor 
and  a  single  throw  switch  for 
energizing  the  compensator, 
the  running  side  of  the  motor 
circuit  being  provided  with 
fuses  or  automatic  circuit 
breakers,  or  the  switches  pro- 
vided with  low  voltage  and 
overload  release  attachments. 

Star   Delta  Switches.— 

These  are  starting  switches, 
designed  for  use  with  small 
three  phase  squirrel  cage 
motors  having  their  windings 
so  arranged  that  they  may 
be  connected  in  star  for  start- 
ing and  in  delta  for  running. 

Qiies.  Describe  the  oper- 
ation of  a  star  delta  switch. 

Ans.  In  starting  the  motor, 
the  drum  lever  is  thrown  in  the 
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starting  direction  which  connects  the  field  windings  of  the  motor 
in  star.  When  the  motor  has  accelerated  and  has  come  partially 
up  to  speed  the  starting  lever  is  quickly  thrown  to  the  running 
position  in  which  position  the  field  windings  are  connected  in 
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Figs.  2,470  to  2.474. — General  Electric  time 
limit  overload  relay  for  starting  compen- 
sator. In  case  of  overload,  the  relay 
armature  is  raised  and  at  the  end  of  its 
travel,  opens  the  small  switch  at  the  top 
which  in  turn  opens  the  circuit  of  the 
low  voltage  release  coil  causing  the  com- 
pensator switch  to  return  to  the  *'  off  ' 
position.  The  oil  dash  pot  provides  t 
certain  time  element  and  can    be  ad- 

i' usted  to  operate  immediately  upon  over- 
oad  or  at  any  interval  up  to  five  mir- 
utes.    Each    relay  has   five  calibratir. 
points,  the  lowest  being  the  normal  fu- 
load  current  of  the  motor,  the  high» 
300  per  cent,  full  load  current.   The  scale 
on  the  calibration  tube  reads  direct  and 
shows  various  values  of  current  at  whki 
the  relay  may  be  set  to  operate.  To 
change  overload  setting,:  1,  loosen  set 
screw;  2,  turn  relay  plunger  on  piston  roi 
until   white    mark    comes    opposite  re- 
quired value  of  current;  3,  tighten  st. 
screw.    Time    element  adjustment 
Removing  oil  dash  pot  by  turning  to  th' 
left  will  expose  the  cup  shaped  piston, 
inside  of  which  are  two  concentric  disc* 
(B  and  C)  held  together  by  a  milled  lock 
nut,  A.     There  is  a  hole  in  each  di* 
through   which    the  o2 
must    pass    when  the 
plunger  of  the  relay  i$ 
raised.  The  time  clcrnrr : 
may  be  varied  by  chant- 
ing the  size  of  the  openinf 
between  these  discs,  that 
is,  to  have  the  relays  oper- 
ate in  a  shorter  period  c< 
time,  increase  the  siae  of 
the   opening  and  vice* 
versa.    To  change  thi 
time  setting:  1.  mam 
the  oil  dash  pot;  2.  rai* 
the  discs  B  and  C  on  tbr 
piston  rod;  3,  loosen  tb* 
lock  nut  A;     4.  changt 
the  opening  between  : 
and   C.  giving   a  larga 
opening  for  shorter  titr* 
of    operation,  and 
smaller  opening  for  loaf- 
er time;  5,  tighten  k>i 
nut  A;  6,  replace  dt 
in  piston  D;    7,  repia-t 
oil  dash  poU 
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delta.  The  effect  of  connecting  the  field  winding  in  star  at 
starting  is  to  reduce  the  voltage  applied  to  each  phase  winding, 
while  in  the  running  position  each  phase  of  the  field  winding 
has  full  line  voltage  impressed  upon  it. 


?IGS.  2475,  and  2.476. — Front  and  side  views  (oil  tank  removed)  of  Cutler-Hammer  star  delta 
switch  for  starting  small  three  phase  squirrel  cage  motors.  In  construction ,  the  switch 
consists  of  one  set  of  stationary  fingers  and  a  rotating  wooden  cylinder,  carrying  two  sets 
of  contacts.  These  parts  are  supported  from  the  switch  frame  casting  and  are  enclosed 
m  a  steel  tank  which  contains  an  insulating  oil.  Flexible  oil  proof  cable  leads  are  brought 
out  through  insulated  bushings  in  the  top  of  the  switch  and  tagged  for  convenience  in 
connecting  to  the  lines  and  motor.  To  prevent  seepage  of  oil,  the  leads  are  sealed  into 
the  top  of  the  cover  with  an  oil  proof  sealing  wax.  The  lever  of  the  star  delta  switch  is 
arranged  with  an  interlock  which  prevents  its  being  thrown  directly  into  the  running 
position  from  the  off  position.  It  is  necessary  to  throw  the  lever  first  into  the  starting 
position  and  then  with  an  uninterrupted  movement  to  the  running  position.  The  circuit 
of  the  motor  is  broken  only  for  an  instant  in  changing  from  star  to  delta  and  no  heavy 
inrush  current  occurs.  No  voltage  release  protection  is  provided  by  a  latching  solenoid 
whic  h  holds  the  spring  centered  drum  cylinder  in  the  running  position.  The  no  voltage 
release  coil  is  mounted  in  the  lower  part  of  the  starting  switch,  immersed  in  the  oil  tank, 
and  is  protected  against  mechanical  injury  and  grounding.  The  coil  is  in  circuit  during 
the  running  period  only  and  requires  not  more  than  8  to  15  watts  to  hold  the  switch  in 
the  running  position.  The  operation  of  this  protective  device  is  such  that  on  failure  of 
voltage  the  star  delta  switch  will  immediately  be  returned  to  the  off  position.  Overload 
release  protection  consists  of  two  relays  on  a  small  slate  panel,  which  is  mounted  directly 
on  the  side  of  the  star  delta  switch.  The  switch  contacts  of  the  overload  release  are  con- 
nected in  series  with  the  connections  to  the  no  voltage  release  coil  so  that  when  an  over- 
load occurs  the  overload  relay  operates  to  open  the  circuit  to  the  no  voltage  release  coil, 
thus  permitting  the  switch  lever  to  return  to  the  off  position.  The  overload  relays  do  not 
afford  overload  protection  during  the  starting  period,  and  when  such  protection  is  desired 
starting  fuses  should  be  installed.  These  fuses,  if  used,  should  have  a  capacity  of  230  to 
300  per  cent,  of  the  normal  fuil  load  current  of  the  motor. 
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Fig.  2.477. — Diagram  of  connections  of  General  Electric  three  phase  suiting 
with  low  voltage  release  and  overload  relays  for  1,040-2,500  volt  circuits* 
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CHAPTER  LXI 

SYNCHRONOUS  CONDENSERS 

Synchronous  Condensers. — A  synchronous  motor  when 
sufficiently  excited  will  produce  a  leading  current,  that  is,  when 
over  excited  it  acts  like  a  great  condenser,  and  when  thus  operated 
on  circuits  containing  induction  motors  and  similar  apparatus 
for  the  purpose  of  improving  the  power  factor  it  is  called  a 
synchronous  condenser. 

Although  the  motor  performs  the  duty  of  a  condenser  it  pos- 
sesses almost  none  of  the  properties  of  a  stationary  condenser 
>ther  than  producing  a  leading  current,  and  is  free  from  many 
if  the  inherent  defects  of  a  stationary  condenser. 

The  relation  of  power  factor  to  the  size  and  efficiency  of  prime 
novers,  generators,  conductors,  etc.,  and  the  value  of  syn- 
:hronous  condensers  for  improving  the  power  factor  is  generally 
cco^nized. 

Induction  motors  and  other  inductive  apparatus  take  a  com- 
>onent  of  current  which  lags  behind  the  line  pressure,  and 
hereby  lowers  the  power  factor  of  the  system,  while  a  non- 
nduetive  load,  such  as  incandescent  lamps,  takes  only  current 
n  phase  with  the  voltage  and  operates  at  unity  power  factor. 

Since  transformers  require  the  magnetizing  current,  they  may 
eriously  affect  the  power  factor  when  unloaded  or  partially 
>aded,  but  when  operating  at  full  load  their  effect  is  practically 
egligible. 
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The  relative  effect  of  fully  loaded  and  lightly  loaded  induction 
motors  on  the  power  factor  is  indicated  by  the  diagram,  fig.  2,478. 
The  magnetizing  current  is  nearly  constant  at  all  loads  and  is 
wattless,  lagging  90  degrees  behind  the  impressed  pressure,  or 
at  right  angles  to  the  current  which  is  utilized  for  power. 

In  the  figure,  AB  is  the  magnetizing  component,  which  is  always 
wattless,  and  CB  the  power  component.  The  angle  ACB  gives  the 
phase  relation  between  voltage  and  current;  the  cosine  of  this  angle 
CB  +  AC  is  the  power  factor. 


A 


Fig.  2.478.— Diagram  showing  relative  effect  of  fully  loaded  and  lightly  loaded  induction 
on  power  factor. 


It  is  evident  from  the  diagram  that  if  the  load  be  reduced,  the  side 
CB  is  shortened,  and  as  AB  is  practically  constant,  the  angle  of  lag 
ACB  is  increased.  It  therefore  follows  that  the  cosine  of  this  angle,  or 
the  power  factor  is  reduced. 

The  figure  clearly  shows  the  reason  for  the  low  power  factor  of  induc- 
tion motors  on  fractional  loads  and  also  shows  that  since  the  mag-  ! 
netizing  current  is  practically  constant  in  value,  the  induction  motor 
can  never  operate  at  unity  power1  factor. 

With  no  load,  the  side  CB  (real  power)  is  just  sufficient  to  supply  the 
friction  and  windage.  If  this  be  represented  by  DB,  since  AB  remains 
constant,  the  power  factor  is  reduced  to  10  or  15  per  cent,  and  the  motor 
takes  from  the  line  about  30  per  cent,  of  full  load  current.  It  therefore 
follows  that  a  group  of  lightly  loaded  induction  motors  can  take  from 
the  system  a  large  current  at  exceedingly  low  power  factor. 
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The  synchronous  motor  when  used  as  a  condenser,  as  before 
stated,  has  the  property  of  altering  the  phase  relation  between 
pressure  and  current,  the  direction  and  extent  of  the  displace- 
ment being  dependent  on  the  field  excitation  of  the  condenser. 

It  can  be  run  at  unity  power  factor  and  minimum  current 
mput,  or  it  can  be  over  excited  and  thereby  deliver  leading  current 


■p.; 


C.  2.479.— General  Electric  400  kw.,  550  volt.  600  R.P.M.,  synchronous  condenser  with 
"direct  connected  exciter  installed  in  sub-station  No.  1  of  the  Colorado  Lif?ht  &  Power  Co.. 
Cripple  Creek.  Colo.  The  machine  is  designed  for  alternating  current  starting  by  means 
o/  a  compensator.  The  field  is  provided  with  a  standard  synchronous  motor  winding, 
and.  in  addition,  an  amortisseur  winding  which  assists  in  starting  and  serves  as  a  damping 
device  to  xninimixe  hunting. 


lich  compensates  for  the  inductive  load  on  other  parts  of  the 
stem.  The  synchronous  condenser,  therefore,  can  supply 
ignetizing  current  to  the  load  on  a  system  while  the  power 
mponent  is  supplied  by  the  generators.  Digitized  by  GoogI 
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2,480. — Diagram  showing'"reiative  location  of  alternators  and  synchronous  motors  k 
plant  of  Witherbee  Sherman  &  Co.,  Mineville  N.  Y.  The  distribution  system  of  the  Com- 
pany is  provided  with  three  synchronous  motors,  as  shown.  The  system  includes  Wj 
hydro-electric,  one  turbine  driven,  and  one  engine  driven  generator  plants;  from  three  ft 
these,  current  is  transmitted  to  the  fourth,  which  is  located  tn  Mineville.  at  the  r>oint  **  A" 
the  current  being  distributed  to  the  motor  circuits  from  the  points  "  A  "  and  *  B. TV 
transmission  to  the  central  station  at  Mineville  is  over  three  phase  circuits  at  6.6O0  vott 
For  operating  the  mine  at  Cheever,  current  is  transmitted  direct  from  the  generatis- 
station  at  Port  Henry.  The  distribution  from  "A"  and  "B"  is  all  at  3,300  volts,  beat* 
stepped  down  to  110  volts  for  the  operation  of  the  motors,  which  have  a  total  rated  capa.  j 
ity  of  4.762  horse  power.  Excepting  three  synchronous  motors,  the  load  is  practicably  •  j 
inductive,  there  being  less  than  10  kw.  required  for  lighting.  The  actual  power  detnap 
ranges  from  60  to  65  per  cent,  of  the  rated  motor  capacity,  and  prior  to  th*  installatK-? 
of  the  synchronous  motors,  the  power  factor  was  approximately  68  per  cent.,  the  cor 
denser  effect  of  these  motors  making  it  possible  to  maintain  an  average  of  about  90  pr 
cent,  power  factor  in  spite  of  the  fact  that  a  considerable  portion  of  the  induction  raotr 
load  is  very  widely  distributed.  The  three  synchronous  motors  are  partially  loaded,  e&r 
motor  driving  an  air  compressor  through  belting.  The  180  kva.  motor  at  Chetvrr  tal 
about  150  kw.  for  the  operation  of  a  1.250  cubic  foot  compressor,  while  the  two  360  k~» 
machines  take  about  300  kw.  each,  for  the  operation  of  two  2,500  cu.  ft.  sets.  T1 
operation  of  these  compressors  affords  a  method:  of  utilizing  a  portion  of  the  motor  cape: 
tty  mechanically,  inasmuch  as  the  load  on  the  motors  is  practically  constant  durnas;  t> 
time  th«  mines  are  in  operation,  and  thereby  permit  the  motors  to  be  run  at  approxinw.. 
80  per  cent,  power  factor. 
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Effects  of  Low  Lagging  Power  Factors. — Transformers  are 
rated  in  kva.  output;  that  is,  a  100  kva.  transformer  is  supposed 
to  deliver  1 00  kw.  at  unity  power  factor  at  normal  voltage  and  at 
normal  temperatures;  but,  if  the  power  factor  should  be,  say  .6 
lagging,  the  rated  energy  output  of  the  transformer  would  be 
only  60  kw.  and  yet  the  current  and,  consequently,  the  heating 
would  be  approximately  the  same  as  when  delivering  100  kw. 
at  unity  power  factor. 


Pig.  2.481. — Field  of  a  synchronous  condenser  Note  the  amortisseur  winding,  erroneously 
called  BQiUrrel  cage  winding,  consisting  of  two  end  rings  which  serve  to  short  circuit 
spokes  passing  through  the  pole  tips  as  shown.  The  amortisseur  winding  assists  in 
starting  and  serves  also  as  a  damping  device  to  minimize  hunting. 

The  regulation  of  transformers  is  inherently  good,  being  for 
small  lighting  transformers  about  V/i  to  2  per  cent,  for  a  load 
of  unity  power  factor,  and  about  4  to  5  per  cent,  at  .7  power 
factor.  Larger  transformers  with  a  regulation  of  1  per  cent,  or 
better  at  a  unity  power  factor  load,  would  have  about  3  per  cent, 
regulation  at  .7  power  factor. 

Alternators  also  are  rated  in  kva.  output,  usually  at  any  value 
of  power  factor  between  unity  and  .8. 

The  deleterious  effects  of  low  power  factor  loads  on  alternators 
are  even  more  marked  than  on  transformers.  These  are,  de- 
creased kw.  capacity,  the  necessity  for  increased  exciter  capacity, 
decreased  efficiency,  and  impaired  regulation.  Digitized  by  Coogle 
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Assume  the  case  of  a  100  kva.  .6  power  factor,  60  kw.  output.  It 
is  probable  that  normal  voltage  could  be  obtained  only  with  difficulty, 
unless  the  alternator  was  especially  designed  for  low  power  factor  service. 
The  lagging  power  factor  current  in  the  armature  sets  up  a  flux  which 
opposes  the  flux  set  up  by  the  fields,  and  in  consequence  tends  to  de- 
magnetize them,  resulting  in  low  armature  voltage. 

It  is  often  impracticable,  without  the  installation  of  new  exciters, 
to  raise  the  alternator  voltage  by  a  further  increase  of  the  exciting 
voltage  and  current.  The  field  losses,  and  therefore  the  field  heatingof 

{POO  KVA.  SYNCHRONOUS 


Pig.  2,482. — Diagram  of  a  section  of  the  Northern  California  Power  Co.'s  transmission  sys- 
tem, showing  relative  location  of  alternators  and  synchronous  condenser.  ^  The  synchro- 
nous condenser  is  installed  at  Kennett,  which  is  served  by  generating  stations  at  KLilarc 
and  Volta.  located  respectively  28  and  38  miles  from  the  point  at  which  the  condenser 
is  operated.  The  local  demand  amounts  to  about  6.500  kw.,  and  before  the  installation 
of  the  synchronous  condenser,  the  power  factor  was  about  79  per  cent,  and  after  installing, 
about  96  per  cent,  while  the  voltage  at  the  point  where  the  synchronous  condenser  is  in- 
stalled is  raised  approximately  1 0  per  cent,  during  the  change  from  no  load  to  full  load.  Ir 
order  to  obtain  close  voltage  regulation,  a  regulator  is  used  in  connection  with  the  syn- 
chronous condenser  and  holds  the  voltage,  at  the  center  of  distribution,  within  2  per  cent. 
The  regulator  is  mounted  on  the  side  ot  the  control  panel  and  connected  in  the  held  of 
the  synchronous  condenser  to  automatically  change  the  excitation  and  compensate  for 
voltage  variations.  A  graphic  demonstration  of  the  improvement  in  voltage  regular  ton. 
which  has  been  secured  in  this  case,  is  given  by  the  curve  drawing  voltmeter  records  repro- 
duced in  hg.  2.483. 

the  alternator,  when  it  is  delivering  rated  voltage  and  current,  are 
greater  at  lagging  power  factor  than  at  unity.  Increased  energy  input 
and  decreased  energy  output  both  cause  a  reduction  in  efficiency. 

The  regulation  at  unity  power  factor  of  modern  alternators 
ipable  of  carrying  25  per  cent,  overload,  is  usually  about  8  per 
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ent.  Their  regulation  at  .7  power  factor  lagging  is  about  25 
>er  cent.  The  effect  of  low  power  factor  on  the  lines  can  best  be 
hown  by  the  following  example: 

EXAMPLE. — Assuming  r  distance  of  five  miles  and  a  load  of  1,000 
kw.  and  desiring  to  delivej  this  load  at  a  pressure  of  about  6,000  volts, 
three  phase,  with  an  energy  loss  of  10  per  cent.,  each  conductor  at  unity 
power  factor  would  have  to  be  79,200  cm.,  at  .9  power  factor,  97,533  cm., 


*o!tage  regulation  with  synchronous  condenser  out  of  service,  and  the  lower  curve, 
with  synchronous  condenser  in  operation. 


and  at  .6  power  factor,  218,000  cm.  In  other  words,  at  the  lower  power 
factor  of   .6,  the  investment  in  copper  alone  would  be  2.8  times  as  much. 

If  the  same  size  of  wire  were  used  at  both  unity  and  .6  power  factor 
lagging,  the  energy  loss  would  be  about  2.8  times  the  loss  at  unity 
power  factor,  or  about  28  per  cent.  Low  lagging  power  factor  on  a 
system,  therefore,  will  generally  mean  limited  output  of  prime  movers; 
greatly  reduced  kilowatt  capacity  of  generator,  transformer  and  line; 
and  increased  energy  losses.  The  regulation  of  the  entire  system  will 
also  be  poor. 
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Cost  of  Synchronous  Condenser  vs.  Cost  of  Copper. 

—Referring  to  the  example  given  in  the  preceding  paragraph, 
and  calculating  the  necessary  extra  investment  in  copper 
with  the  .6  power  factor  load,  and  copper  at  17  cents  per 
pound,  the  result  is  that  29,292  pounds  more  copper  is  required 
than  with  the  power  factor  of  .9  which  means  a  total  extra  invest- 
ment in  copper  alone  of  $5,000  (29,292  x  $.17).  A  synchronous 
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2,484. — Diagram  showing  the  field  current  taken  by  a  synchronous  motor  of  l 

design  when  operating  at  normal  kva.  input  at  various  power  factors.  It  will  be  noted 
that  a  slight  departure  from  unity  power  factor  necessitates  a  considerable  change 
in  field  current.  As  the  held  curves  increase  with  the  square  of  the  current,  there  is  a 
rapid  increase  in  temperature  with  leading  current.  This  action  of  leading  or  lagging  cur- 
rent serves  automatically  to  keep  the  flux  constant  in  the  armature  with  changes  infield  excit- 
ation. When  the  motor  is  running  at  unity  power  factor,  an  increase  infield  excit- 
ation causes  a  leading  current  to  flow,  and  at  the  same  time  this  leading  current  d« 
ires  the  field  until  the  density  of  the  armature  is  restored  to  its  normal  value.  I  f  the' 
be  decreased  a  lagging  current  flows  which  in  turn  magnetizes  the  field 
density  back  to  its  original  value.  Therefore,  with  a  constant  line  voltage,  the 
in  a  synchronous  motor  are  approximately  constant  irrespective  of  the  held 
with  the  exception  that  the  internal  voltage  will  vary  slightly  due  to  the  an 
drop,  the  density  being  a  trifle  lower  at  full  load  than  at  no  load. 


condenser  of  sufficient  capacity  to  accomplish  the 
result  would  cost  about  the  same  amount.  It  would  therefore 
cost  less  to  install  the  condenser  because  at  the  same  time  a 
considerably  increased  capacity  would  be  obtained  from  the 
alternators,  transformers,  etc. 
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Synchronous  Condenser  Calculations.— In  figuring  on  the 
installation  of  a  condenser  for  correcting  power  factor  troubles,  a 
careful  survey  of  the  conditions  should  be  made  with  a  view  of 
determining  just  what  these  troubles  are  and  to  what  extent  they 
can  be  remedied  by  the  presence  of  a  leading  current  in  the  system. 
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2.486. — Diagram  showing  a  set  of  phase  characteristic  curves  taken  from  a  General 
Electric  synchronous  motor.  These  curves  show  the  current  input  to  the  motor  at 
tarious  loads  with  constant  voltage  and  varying  field  excitation.  There  is  a  certain 
held  current  at  each  load  that  causes  a  minimum  current.  Any  increase  or  decrease 
of  field  from  the  value  increases  the  current  and  causes  it  to  lead  or  lag  with  respect  to 
the  line  voltage.  By  referring  to  the  minimum  input  curve,  it  will  be  noted  that  if  the 
mar  nine  be  running  at  full  load  minimum  input  current  and  load  is  taken  off,  the  cur- 
rent will  be  leading  or  vice  versa.  In  each  case  the  phase  characteristic  curve  was  run 
back  on  the  lagging  side  to  the  break  down  point.  At  no  load  and  one  quarter  load  the 
motor  still  ran  in  step  when  the  field  was  reduced  to  zero  and  even  taken  off  altogether, 
it  was  necessary  to  reverse  the  held  current  in  order  to  back  down  the  motor.  The 
or  runs  without  slip,  as  a  synchronous  motor,  in  this  condition,  obtaining  its  excita- 
tion from  the  lagging  current  and  running  as  a  reaction  machine.  The  amount  of  load 
a  machine  will  carry  without  field  varies  with  the  design,  the  average  being  about  40 cn 
of  full  load.  It  will  be  noted  from  the  limit  of  stability  curve  that  the  lighter  the  load 
on  the  machine  when  it  breaks  down  from  lack  of  sufficient  excitation,  the  greater  the 
current  input  at  this  point.  The  no  load  characteristic  rises  sharply  on  each  side  with 
slight  change  in  field  current,  while  it  flattens  out  with  increase  in  load  until  at  nv'r- 
the  current  input  is  practically  the  same  throughout  a  large  range  of  field  cu 
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Fig.  2.486. — Comparison  of  the  speed  current  curves  and  speed  power  factor  curves  of  a. 

typical  synchronous,  and  induction  motor.  It  will  be  noted  that  the  power  factor  of  the  syn- 
chronous motor  at  start  is  higher  than  that  of  the  induction  motor  owing  to  the  higher  re- 
sistance of  the  squirrel  cage  winding.  As  the  machine  approaches  synchronism,  how- 
ever, the  magnetizing  current  of  the  induction  motor  drops  to  a  very  much  lower  value 
than  in  the  synchronous  motor  and  the  power  factor  is  consequently  much  higher.  The 
magnetizing  current  of  the  induction  motor  at  full  speed  is  usually  25  per  cent,  of  full  load 
current  while  that  of  the  synchronous  motor  is  from  200  to  250  per  cent,  of  full  current, 
or  even  higher  when  running  full  speed  and  normal  voltage.  This  of  course  is  due  to  the 
large  air  gap  on  the  synchronous  machine.  The  current  at  start  with  full 
applied  is  usually  higher  in  an  induction  motor  owing  to  the  fact  that  the  total  impedai 
ot  the  stator  and  rotor  are  less  due  to  the  greater  distribution  of  the  windings  and  the  loi 
resistance  of  the  squirrel  cage.  The  high  magnetizing  current  of  a  synchronous : 
should  not  be  lost  sight  of  as  it  is  a  very  important  consideration  in  starting  the  machine. 
Even  though  the  motor  can  be  brought  practically  to  synchronous  speed  while  still  on  the 
compensator,  if  line  voltage  be  thrown  on,  there  will  be  a  very  heavy  rush  of  current.  The 
obvious  thing  to  do  is  to  get  the  field  on  the  motor  while  still  on  the  compensator,  when 
ever  possible,  to  avoid  the  high  magnetizing  current.  This  magnetizing  current  is  obvi- 
ously equal  to  the  circuit  current  of  the  machine  at  no  load  field.  In  some  cases  additional 
torque  near  synchronism  can  be  obtained  by  short  circuiting  the  held  winding  through  the 
field  rheostat.  This  has  the  effect  of  reducing  the  resistance  of  the  rotor  winding  to  some 
extent  and  causing  the  motor  to  have  less  slip  with  a  given  load.  The  gain  from  this 
source  is  small,  however,  in  most  cases,  as  the  self-inductance  of  the  held  winding  is  so  high 
as  to  allow  very  little  current  to  flow  even  if  the  field  be  short  circuited  so  that  the  total 
effective  resistance  of  the  rotor  winding  is  not  materially  reduced.  In  some  cases  where  the 
torque  is  nearly  sufficient,  however,  enough  gain  may  be  obtained  to  take  care  of  the  condi- 
tions. If  the  field  be  short  circuited  before  the  motor  is  started  there  will  be  a  reduction  n 
starting  torque  and  an  increase  in  current  from  the  line,  hence  if  this  method  be  resorted  to,  ar- 
rangements must  be  made  to  short  circuit  the  field  after  the  motor  has  come  to  constant  ■peed 
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It  is  necessary  to  possess  a  thorough  knowledge  of  the  system, 
covering  the  generating  capacity  in  energy  and  kva.,  average  and 
maximum  load,  and  power  factor  on  the  alternators,  average  and 
maximum  load,  and  power  factor  on  the  feeders,  system  of  dis- 
tribution, etc. 

The  desirable  location  of  a  condenser  is,  of  course,  nearest  the 
inductive  load  in  order  to  avoid  the  transmission  of  the  wattless 

PERCENTAGE  WATTLESS  KVA,C0RRESP0ND1NG  TO  GIVEN  KW.  CORRECTED 
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2,487. — Curves  showing  amount  of  wattless  component  required  to  raise  the  power 
(actor  of  a  given  kw.  load  to  required  higher  value.  The  wattless  components  are  ex- 
pressed as  percentages  of  the  original  kw.  load.  The  numbers  at  the  right  which  indi- 
cate the  points  of  tangency  of  the  power  factor  curves  to  the  100  per  cent,  line,  show  the 
amount  of  wattless  component  required  to  raise  a  given  kw.  load  of  given  lagging  power 
factor  to  unity  power  factor.  Obviously  the  addition  of  further  wattless  component  in 
would  result  in  a  leading  power  factor  less  than  unity. 


current,  but  it  often  happens  that  a  system  is  so  interconnected 
that  one  large  condenser  cannot  economically  meet  the  conditions, 
in  which  case  it  may  be  better  to  install  two  or  more  smaller  ones. 

The  question  of  suitable  attendance  should  also  be  considered 
and.  for  this  reason,  it  may  be  necessary  to  compromise  on  the 


location.   When  the  location  of  the  condenser  has  been  dedJ-J 
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upon  and  the  load  and  power  factor  within  its  zone  determined, 
the  proper  size  of  condenser  to  raise  the  power  factor  to  a  given 
value  can  be  found  as  follows: 

The  method  of  procedure  can  best  be  explained  by  reference  to  a 
concrete  case.  Assume  a  load  of  450  kw.  at  .65  power  factor.  It  is 
desired  to  raise  the  power  factor  to  .9.  What  will  oe  the  rating  of  the 
condenser? 


450  KW. 


Fic.  2.488.— Diagram  for  synchronous  condenser  calculations. 

Referring  to  the  diagram,  fig.  2,488,  it  is  necessary  to  start  with  450 
kw.  At  .65  power  factor,  or  692  kva.,  this  has  a  wattless  lagging  com- 
ponent of  \  092J-4oOr=525  kva.  With  the  load  unchanged  and  the 
power  factor  raised  to  .9,  there  will  be  500  apparent  kva.,  which  will  have 

a  wattless  component  of  V  50CP-H50*«=218  kva. 

It  is  obvious  that  the  condenser  must  supply  the  difference  between 
525  kva.  and  218  kva.,  or  307  kva.  A  300  kva.  condenser  would, 
therefore,  meet  the  requirements. 

.Jf  J*,  be  desired  to  drive  some  energy  load  with  the  condenser  and 
still  bring  the  total  power  factor  to  .9,  proceed  as  indicated  in  fig.  2,489. 
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Assume  a  total  load  of  150  kw.  on  the  motor.  As  before,  450  kw.  at 
.65  power  factor,  or  692  kvaM  with  a  wattless  component  of  525  kva. 

The  energy  load  will  be  increased  from  450  to  600  kw.  as  indicated, 
and  with  the  power  factor  raised  to  .9  there  will  be  a  kva.  of  667  with  a 

wattless  component  of  V667*+6002  =  291. 

There  must  be  supplied  525  —  291  =  234  in  leading  kva. 


The  synchronous  motor  then  must  supply  150  kw.  energy  and  234 

kva.  wattless,  which  would  give  it  a  rating  of  Vl50s+234,«278  kva. 
at  .68  power  factor. 


450  KW..  150  KW. 

Fig.  2.4*9. — Diagram  for  synchronous  condenser  calculation  for  cases  where  it  is  desired  to 
drive  some  energy  load  with  the  condenser  and  still  bring  the  total  power  factor  to  .9. 

The  standard  300  kva.  condenser  would  evidently  raise  the  power 
factor  slightly  above  .9  power  factor  leading. 

By  reference  to  the  chart,  fig.  2,490,  the  size  of  the  required  condenser 
can  be  obtained  direct  without  the  use  of  the  above  calculation.  The 
method  of  using  this  curve  is  as  follows:  Assume  a  load  of  say  3,000  kw. 
at  .7  power  factor  and  that  it  be  desired  to  raise  the  power  factor  to  .9. 
Run  up  the  vertical  line  at  3,000  kw.  to  the  .7  power  factor  line,  and  from 
there  along  the  horizontal  line  to  the  margin  and  find  a  wattless  com- 
ponent at  this  power  factor  of  3,000  kva.,  approximately.    Again  run 

Xthe  3,000  kw.  vertical  line  to  the  .9  power  factor  line  and  from  there 
rig  the  horizontal  line  to  the  margin  and  find  a  wattless  comport* 
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of  1,500  kva.  The  rating  of  the  condenser  will  then  be  3,000  kva.  —  1 ,500 
kva.  =  1,500  kva.  This  table  of  course  can  be  used  for  hundreds  of 
kilowatts  as  well. 

For  determining  the  rating  of  a  synchronous  motor  to  drive  an 
load  this  curve  is  not  so  valuable,  altr 


v 


nough  it  can  be  used  in  determining 
the  wattless  component  direct  in  all  cases  where  the  energy  component 


KW  ENERGY 


Pig,  2.490. — Curve  showing  the  relation  of  energy  load  to  apparent  load  and  wattless  con. 
poncnts  at  different  power  factors. 


and  power  factor  are  known.  Knowing  this  energy  component  and 
power  factor  or  wattless  component,  the  energy  load  can  obviously  be 
lound  by  referring  to  the  curved  lines  on  the  diagrams,  the  curve  that 
crosses  the  junction  of  the  vertical  energy  line  and  the  power  factor  or 
wattless  component  line  giving  the  total  apparent  kva. 
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CHAPTER  LXII 

INDICATING  DEVICES 


Alternating  current  ammeters  or  voltmeters  indicate  the 
virtual  values  of  the  current  or  pressure  respectively,  that  is  to 
say,  they  indicate,  the  square  root  of  the  mean  square  of  a 
quantity. 

MAXIMUM  VALUE 


F»G.  2.49kl. — Line  curve  of  alternating  current,  illustrating  various  current  or  pressure  values. 
The  virtual  value,  or  .707  X  maximum  value,  is  the  value  indicated  by  an  ammeter  or  volt- 
meter.  Thus,  if  the  maximum  value  of  the  current  be  100  volts,  the  virtual  value  as  indi- 
by  an  ammeter  is  100  X.707  -  70.7  amperes. 


The  virtual  value  of  an  alternating  current  or  pressure  is 
equivalent  to  that  of  a  direct  current  or  pressure  which  would  produce 
the  same  effect. 

For  instance  an  alternating  current  of  10  virtual  amperes  will  produce 


the  same  heating  effect  as  10  amperes  direct  current. 
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The  relation  of  the  virtual  value  of  an  alternating  current  to 
the  other  values  is  shown  in  fig.  2,491.  When  the  current  follow* 
the  sine  law,  the  square  root  of  the  mean  square,  value  of  the 
sine  functions  is  obtained  by  multiplying  their  maximum  value 

by  1  "t~  V2,  or  .707. 

The  word  effective  is  commonly  used  erroneously  for  virtual, 
even  among  the  best  writers  and  the  practice  cannot  be  too 
strongly  condemned  *.f    The  difference  between  the  two  is 


Pic.  2,402. — Wagner  tubular  aluminum  pointer. 


illustrated  in  Guide  No.  5,  page  1,013,  fig.  1,237,  the  mechanical 
analogy  here  given  may  make  the  distinction  more  marked. 

In  the  operation  of  a  steam  engine,  there  are  two  pressures  acting  oi 
the  piston: 

1.  The  forward  pressure; 

2.  The  back  pressure. 

The  forward  pressure  on  one  side  of  the  piston  is  that  due  to  the  live 
steam  from  the  boiler,  and  the  back  pressure,  on  the  other  side,  that  du< 
to  the  resistance  or  opposition  encountered  by  the  steam  as  it  exhaust* 
from  the  cylinder. 

In  order  that  the  engine  may  run  and  do  external  work,  it  is  evidex 
that  the  forward  pressure  must  be  greater  than  the  back  pressure,  aiv 

•NOTE. — I  adhere  to  the  term  virtual,  as  it  was  in  use  before  the  term  efficaee  whi 
was  recommended  in  1 B8fl  by  the  P.iris  Congress  to  denote  the  square  root  of  mean  square  volt 
The  corresponding  English  adjective  is  efficacious,  but  some  engineers  mistranslate  it  wi 
the  word  elective.  I  adhere  to  the  term  virtu;d  mainly  because  effective  is  required  in 
usual  meaning  in  kinematics  to  represent  the  resolved  part  of  a  force  which  acts  obliquely 
the  line  of  motion,  the  effective  force  being  the  whole  force  multiplied  by  the  cosine  of  t 
angle  at  which  »t  acts  with  respect  to  the  direction  of  motion. — 5.  P.  Thompson, 

tNOTE. — The  author  adheres  to  the  term  virtual  because  in  mechanics  the  adjecti  I 
effective  is  used  to  denote  the  difference  of  two  opposing  forces;  for  instance,  at  any  insU. 
in  the  operation  of  a  steam  engine,  effective  pressure —forward  pressure— back  pressure,  henc 
to  be  consistent  in  nomenclature,  the  term  effective  cannot  be  used  for  the  forward  or  virtui 
pressure,  that  is.  the  pressure  impressed  on  an  electric  circuit. 
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it  follows  that  the  pressure  available  to  run  the  engine  is  the  difference 
between  these  two  pressures,  this  pressure  difference  being  known  as 
the  effective  pressure,  that  is  to  say 

effective  pressure  =  forward  pressure —  back  pressure 

Thus,  electrically  speaking,  the  effective  voltage  is  that  voltage  which 
is  available  for  driving  electricity  around  the  circuit,  that  is, 

effective  volts  -  virtual  volts—  back  volts 

=  virtual  pressure  —  {virtual  pressure  —  drop) 

In  the  case  of  the  steam  engine,  the  forward  pressure  absolute,  that 
is,  measured  from  a  perfect  vacuum  is  the  virtual  pressure  (not  consider- 
ing the  source).  The  back  pressure  may  vary  widely  for  different  con- 
ditions of  operation  as  illustrated  in  figs.  2,493  and  2,494. 


'ios.  2.493  and  2,494. — Steam  engine  indicator  cards  illustrating  in  mechanical  analogy,  the 
misuse  of  the  term  effective  as  applied  to  the  pressure  of  an  alternating  current.  The 
card  fig.  2.403.  represents  the  performance  of  a  steam  engine  taking  steam  at  60  lbs.  (gauge) 
pressu  e  a: id  exhausting  into  the  atmosphere.  The  exhaust  line  being  above  the  atmos- 
pheric line  shows  that  the  friction  encountered  by  the  steam  in  flowing  through  the  exhaust 
p»pc  produces  a  back  pressure  of  two  lbs.  Hence  at  the  instant  represented  by  the  ordinate 
y,  the  effective  pressure  is  60  —  2 «-  ">S  lbs.,  or  using  absolute  pressures,  74.7  —  16.7  a  58 
lbs.,  the  virtual  pressure  being  60  lbs.  gauge,  or  74.7  lbs.  absolute.  Now.  the  back  pres- 
sure may  be  considerably  reduced  by  exhausting  into  a  condenser  as  represented  by  the 
card.  fig.  2.494.  Here,  most  of  the  pressure  of  the  atmosphere  is  removed  from  the  ex- 
haust, and  at  the  instant  y,  the  back  pressure  is  only  6  lbs.,  and  the  effective  pressure 
74.7-6-68.7  lbs.  Thus,  in  the  two  cases  for  the  same  virtual  pressure  of  60  lbs. 
gauge  or  74.7  lbs.  absolute,  the  effective  pressures  are  58  lbs.  and  68.7  lbs.  respectively. 


In  the  measurement  of  alternating  current,  it  is  not  the  aver- 
se, or  maximum  value  of  the  current  wave  that  defines  the 
tirrent  commercially,  but  the  square  root  of  the  mean  square 
alue,  because  this  gives  the  equivalent  heating  effect  referred 
o  direct  current.  There  are  several  types  of  instrument  for 
icasuring  alternating  current,  and  they  may  be  classified  as 
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1.  Electromagnetic  (moving  iron) ; 

2.  Hot  wire; 

3.  Induction; 

4.  Dynamometer. 

Electromagnetic  or  Moving  Iron  Instruments—  Thi< 

type  of  instrument  depends  for  its  action  upon  the  pull  of  flui 


Pig.  2.495. — A  calibrated  scale.  This  means  that  printed  scales  are  not  employed,  but  «*j 
instrument  has  its  scale  divisions  plotted  by  actual  comparison  with  standards,  after  awo 
the  division  lines  are  inked  in  by  a  draughtsman.  There  are  makes  of  direct  carrct 
instruments  employing  printed  scales  in  which  the  scale  deflections  are  fairly  accent1 
even  though  the  scales  are  printed,  but  printed  scales  should  not  be  used  on  alternate 
current  instruments. 

• 

in  endeavoring  to  reduce  the  reluctance  of  its  path.  This  pul 
is  proportional  to  the  product  of  the  flux  and  the  current,  an* 
so  long  as  no  part  of  the  magnetic  circuit  becomes  saturate 
the  flux  is  proportional  to  the  current,  hence  the  pull  is  pro 
portional  to  the  square  of  the  current  to  be  measured. 
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Ques.  What  are  some  objections  to  moving  iron 
instruments? 

Ans.  Instruments  of  this  type  are  not  independent  of  the  fre- 
quency, wave  form,  or  temperature  and  external  magnetic  fields 
may  affect  the  readings  temporarily. 


SCALE 


_  I  L- 

LINt  LINE 

?!C  2.497. — Plunger  form  of  electromagnetic  or  moving  iron  type  of  ammetor. 

There. are  several  forms  of  moving  iron  ammeters,  which  may 
>e  classified  as 

1.  Plunger; 

2.  Inclined  coil ; 

3.  Magnetic  vane. 
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Ques.   Describe  the  plunger  type. 

Ans.  This  type  of  ammeter  consists  of  a  series  coil  and  a 
soft  iron  plunger  forming  a  solenoid,  the  plunger  is  so  suspended 
that  the  magnetic  pull  due  to  the  current  flowing  through  the 
coil  is  balanced  by  gravity,  as  shown  in  fig.  2,497. 

Ques.  How  should  the  plunger  be  constructed  to 
adapt  it  to  alternating  current,  and  why? 

Ans.    It  should  be  laminated  to  avoid  eddy  curr 


M9VR 


Pig.  2,497.— One  form  of  plunder  instrument  as  made  by  Siemens.  It  has  gravity  am** 
is  dead  beat,  and  r\  shielded  from  external  magnetic  influence.  The  movlnd  system  c& 
slats  of  a  thin  soft  iron  pear  shaped  plate  I  pivoted  on  a  horizontal  spindle  S  runnirs r 
jewelled  centers.  To  this  spindle  S  is  also  attached  a  light  pointer  P  and  a  light  v' 
W,  bent  as  shown,  and  carrying  a  light  piston  D.  which  works  in  a  curved  air  mbr^ 
This  tube  T  is  closed  at  the  end  B  but  fully  open  at  the  other  A, 
air  damping  device  for  making  the  instrument  dead  beat. 


Ques.  What  is  the  character  of  the  scale  and  ho* 
should  it  be  constructed? 

Ans.  The  scale  is  not  uniform  and  should  be  hand  mac 
and  calibrated  under  the  conditions  which  it  is  to  be  used. 

Ques.   What  is  the  objection  to  moving  iron  ammeters 

Ans.    Since  the  coil  carries  the  entire  current  they  are 
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Ques.  What  precaution  should  be  taken  in  installing 
moving  iron  ammeters? 

Ans.  Since  gravity  is  the  controlling  force,  the  instrument 
should  be  carefully  levelled. 

Ques.   Describe  an  inclined  coil  instrument. 

Ans.  It  consists  of  a  coil  mounted  at  an  angle  to  a  shaft 
carrying  the  vane  and  pointer,  as  shown  in  fig.  2,498.  A  spring 
forms  the  controlling  force  and  holds  the  pointer  at  zero  when 
no  current  is  flowing. 


Ques*  What  is  the  principle  of  operation  of  the  inclined 
coil  instrument? 

Ans.  When  a  current  is  passed  through  the  coil,  the  iron 
tends  to  take  up  a  position  with  its  longest  sides  parallel  to  the 
lines  of  force,  which  results  in  the  shaft  being  rotated  and  the 
pointer  moved  on  the  dial,  the  amount  of  movement  depending 
upon  the  strength  of  the  current  in  the  coil. 

Ques.   Describe  a  magnetic  vane  instrument. 

Ans.    It  consists  of  a  small  piece  of  soft  iron  or  vane  mounted 


COIL 


fih-PivoT 


Pic.  2.496. — Inclined  coil  form  of  electromagnetic  or  moving  iron  instrument. 
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FiC  2,499. — Magnetic  vane  form  of  electromagnetic  or  moving  iron  instrument. 


PlC.  2.J500. — Magnetic  vane  movement  of  a  Wagner  instrument;  it  is  used  both  for  voltmeter* 
and  ammeters.  This  type  differs  from  the  dynamometer  movement  in  that  a  vane  of  very 
soft  iron  replaces  the  moving  coil.  The  magnetic  vane  movement  makes  use  of  its  con- 
trolling spring  only  for  the  purpose  of  resisting  the  pull  on  the  vane  and  the  returning  of  the 
needle  to  xero.   The  spring  doe*  not  carry  any  current. 
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on  a  shaft  that  is  pivoted  a  little  off  the  center  of  a  coil  as  shown 
in  fig.  2,499,  and  carrying  a  pointer  which  moves  over  a  scale. 

Ques.    How  does  it  work? 

Ans.  Its  principle  of  operation  is  that  a  piece  of  soft  iron 
placed  in  a  magnetic  field  and  free  to  move,  will  move  into  such 
position  as  to  conduct  the  maximum  number  of  lines  of  force. 

The  current  to  be  measured  is  passed  around  the  coil,  produc- 
ing a  magnetic  field  through  the  center  of  the  coil.  The  mag- 
netic field  inside  the  coil  is  strongest  near  the  inner  edge, 


hence,  the  vane  will  move  against  the  restraining  force  of  a 
spring  so  that  the  distance  between  it  and  the  inner  edge  of 
the  coil  will  be  as  small  as  possible. 


*ic  2,501. — Solenoid  and  plunger  Illustrating  the  operation  of  moving  iron  instruments. 
When  a  current  flows  through  the  coil,  a  field  is  set  up  as  indicated  by  the  dotted  lines 
of  force.  The  current  flowing  in  the  direction  indicated  by  the  arrow  induces  a  north 
pole  at  N,  which  in  turn  induces  a  south  pole  in  the  plunger  at  S,  thus  attracting  the 
plunger.  The  effect  of  the  Meld  upon  the  plunger  may  also  be  stated  by  saying  that  it 
tends  to  cause  the  plunger  to  move  in  a  direction  so  as  to  conduct  the  mnximum  number  of 
lines  of  force,  that  is.  toward  the  solenoid.  t  Thus  if  ABCD  be  the  initial  position  of  the 
plunder  only  five  lines  of  force  pass  through  it  :  should  it  move  to  the  position  A'  B'  C  D',  the 
number  of  lines  passing  through  it  will  then  be  <>.  assuming  the  field  to  remain  unchanged. 

The  operation  of  moving  iron  instruments  of  the  plunger  type  may  be 
explained  by  saying  that  the  current  flowing  in  the  coil  produces  a  pole 
at  its  end  and  induces  an  unlike  pole  at  the  end  of  the  plunger  nearest 
the  coil,  thus  attracting  the  plunger,  as  illustrated  in  fig,  2,501  abov^  ^  Qoq^ 
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Hot  Wire  Instruments. 

— Instruments  of  this  class 
depend  for  their  operatic: 
on  the  expansion  and  con- 
traction of  a  fine  wire  car- 
rying either  the  current  to 
be  measured  or  a  definite 
proportion  of  that  current. 

The  expansion  or  contrac- 
tion of  the  wire  is  cause: 
by  temperature  changes, 
which  in  turn  are  due  to  the 
heating  effect  of  the  current 
flowing  through  the  wire. 

Since  the  variations  in  the 
length  of  the  wire  are  ex- 
tremely small,  considerable 
magnification  is  necessary. 
Pulleys  or  levers  are  some- 
times used  to  multiply  the 
motion,  and  sometimes  the 
double  sag  arrangement 
shown  in  fig.  2,504. 

As  here  shown,  A  is  tr- 
active wire  carrying  the  cur- 
rent to  be  measured  anc 
stretched  between  the  terra: 
nals  T  and  T'.  It  is  puIW 
taut  at  its  middle  point  t- 
another  wire  C,  which  car- 
ries no  current,  and 
in  its  turn,  kept  tigh: 
by  a  thread  passing  rouo. 
the  pulley  D  attached  fc 
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the  pointer  spindle,  the  whole  system  being  kept  in  tension  by  the 
spring  E. 

Hot  wire  instruments  are  equally  accurate  with  alternating  or  direct 
current,  but  have  cramped  scales  (since  the  deflection  is  proportional  to 
the  square  of  the  current),  and  are  liable  to  creep  owing  to  unequal 
expansion  of  the  parts.  There  is  also  the  danger  that  they  may  be 
burnt  out  with  even  comparatively  small  overloads.  They  are  not 
affected  by  magnetic  fields  but  consume  more  current  than  the  other 
types,  these  readings  are  inaccurate  near  either  end  of  the  scale. 


Pic.  2.504. — Diagram  illustrating  the  principle  of  hot  wire  instruments.    The  essential  parts 
are  the  active  wire  A,  stretched  between  terminals  T  and  T',  tension  wire  C.  thread  E,  and 
D  to  which  is  attached  the  pointer. 


Induction  Instruments. — These  were  invented  by  Fer- 
raris, and  are  sometimes  called  after  him.  They  are  for  alter- 
nating current  only,  and  there  are  two  forms : 

1.  Shielded  pole  type; 

2.  Rotary  field  type. 
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Ques.  Describe  the  shielded  pole  type  of  induction 
instrument. 

Ans.    As  shown  in  figs.  2,505,  and  2,503  it  consists, 
tially  of  a  disc  A,  or  sometimes  a  drum  and  a  laminated  magnet 
B.  Covering  some  two-thirds  of  the  pole  faces  are  two  copper 
plates  or  shields  C,  and  a  permanent  magnet  D. 


SCAt£ 


Pigs.  2.505  anil  2.506. — Plan  and  elevation  of  shielded  pole  type  of  induction  instrument. 

Ques.    How  does  it  work? 

Ans.  Eddy  currents  are  induced  in  the  two  copper  plates  01 
shields  C,  which  attract  those  in  the  disc,  producing  in  conse- 
quence a  torque  in  the  direction  shown  by  the  arrow,  against 
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the  opposing  action  of  a  spring.  Magnet  D  damps  the  oscillations. 


2.507. — Diagram  showing  construction  and  operation  of  Hoskins  instrument.  It  is  of  the 
modified  induction  type  in  which  the  torque  is  produced  from  the  direct  repulsion  between 
a  primary  and  a  secondary,  or  induced  current.  As  shown  in  the  diagram,  the  instrument 
embodies  the  principle  of  a  short  circuited  transformer,  consisting  of  a  primary  or  exciting 
coil  A.  a  secondary  or  closed  coil  B,  linked  in  inductive  relation  to  the  primary  by  a  lam- 
inated iron  core  C,  constructed  to  give  a  completely  closed  magnetic  circuit,  that  is,  with- 
out air  gap.  The  secondary  is  so  mounted  with  respect  to  the  primary  as  to  have  a  move- 
ment under  the  influence  of  their  mutual  repulsion  when  the  primary  is  traversed  by  an 
alternating  current.  This  movement  of  the  secondary  B  is  opposed  by  a  spiral  spring,  so 
that  the  extent  of  movement  will  be  dependent  upon  and  will  indicate  the  strength  of 
the  primary  current.  To  increase  the  sensitiveness  of  the  instrument  and  also  to  adjust 
the  contour  of  the  scale,  an  adjustable  secondary  D.  which  has  an  attraction  effect  upon 
the  coil  B,  is  provided  upon  the  core.  The  effect  of  this  coil  is  inversely  proportional  to 
its  distance  from  the  end  of  the  swing  of  the  coil  B.  The  vane,  E,  which  is  a  part  of  the 
stamping  B,  is  adjusted  to  swing  freely  and  with  a  large  amount  of  clearance,  between  the 
poles  of  a  permanent  magnet  F,  which  acts  as  a  damper  on  the  oscillation  of  the  moving 
element,  but  does  not  cause  any  friction  or  affect  the  accuracy  of  the  calibration.  The 
primary,  like  that  of  a  transformer,  is  an  independent  electrical  circuit  and  may  be  highly 
insulated.  This  meter  will  withstand  several  hundred  per  cent,  overload  for  some  time 
because  of  the  very  high  value  of  the  self-induction  and  the  fact  that  the  controlling  spring 
is  not  in  the  circuit  and  therefore  cannot  burn  ctf. 
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Figs.  2.508  to  2,511.— 
Hoskins  instruments. 
Fig.  2,508,  voltmeter, 
small  pattern;  fig. 
2,509,  ammeter,  large 
pattern;  fig.  2.510. 
voltmeter,  horizontal 
edgewise  pattern;  fig. 
2,511,  illuminated 
dial  voltmeter. 
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Ques.  Describe  the  rotary  field  type  of  induction 
instrument. 

Ans.  The  parts  are  arranged  similar  to  those  of  wattmeters, 
the  necessary  split  phase  being  produced  by  dividing  the  current 
into  two  circuits,  one  inductive  and  the  other  non-inductive. 


Fig.  2.512. — Hoskins  instrument  with  case  removed.     It  has  a  very  short  magnetic  circuit 
which  is  composed  of  silicon  steel,  permitting  low  magnetic  densities  to  be  used. 


Dynamometers. — This  type  of  instrument  is  used  to  measure 
volts,  amperes,  or  watts,  and  its  operation  depends  on  the 
reaction  between  two  coils  when  the  current  to  be  measured 
is  passed  through  them.  One  of  the  coils  is  fixed  and  the  other 
movable. 

Ques.    Describe  the  construction  of  a  dynamometer. 

Ans.  It  consists,  as  shown  in  fig.  2,513,  of  a  fixed  coil,  composed 
of  a  number  of  turns  of  wire,  and  fastened  to  a  vertical  support. 
The  fixed  coil  is  surrounded  by  a  movable  coil  composed  of  a 
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Pig.  2,513. — Diagram  of  Siemens'  dynamometer.  It  consists  of  two  coils  on  a  common  axis 
hut  set  in  planes  at  right  angles  to  each  other  in  such  a  way  that  a  torque  is  produced 
between  the  two  coils  which  measures  the  product  of  their  currents.  This  torque  is  meas- 
ured by  twisting  a  spiral  spring  through  a  measured  angle  of  such  degree  that  the  coils  thai] 
resume  their  original  relative  positions.  When  constructed  as  a  voltmeter,  both  coils 
are  wound  with  a  large  number  of  turns  of  fine  wire,  making  the  instrument  sensitive  to 
small  currents.  Then  by  connecting  a  high  resistance  in  series  with  the  instrument  it  can 
be  connected  across  the  terminals  of  a  circuit  whose  voltage  is  to  be  measured.  When 
constructed  as  a  wattmeter,  one  coil  is  wound  so  as  to  carry  the  main  current  and  th* 
other  made  with  many  turns  of  fine  wire  of  high  resistance  suitable  for  connecting  acroa 
the  circuit. 
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few  number  of  turns  or  often  of  only  one  turn  of  wire.  The  movable 
coil  is  suspended  by  a  thread  and  a  spiral  spring  attached  to  a 
tortive  head  which  passes  through  the  center  of  a  dial.  The 
ends  of  the  movable  coil  dip  into  mercury  cups,  which  act  as 
pivots  and  electrical  contacts,  making  connection  with  one  end 
of  the  fixed  coil  and  one  terminal  of  the  instrument  as  shown. 
The  tortion  head  can  be  turned  so  as  to  place  the  planes  of  the 


Flo.  2.514. — Wagner  dynamometer  movement.  In  this  type  of  instrument  the  deflection  is 
proportional  to  the  square  of  the  current,  producing  a  constantly  decreasing  sensitiveness 
»s  the  pressure  applied  is  decreased.  The  dynamometer  movement  is.  for  any  indication, 
more  accurate  than  the  magnetic  vane,  but  cannot  readily  be  employed  for  the  indication 
of  current,  as  required  in  ammeters. 

• 

coils  at  right  angles  to  each  other  and  to  apply  tortion  to  the 
spring  to  oppose  the  deflection  of  the  movable  coil  for  this 
position  when  a  current  is  passed  through  the  coils.  A  pointer 
attached  to  the  movable  coil  indicates  its  position  on  the  grad- 
uated dial  between  the  two  stops.  Another  pointer  attached  to 
the  tortion  head  performs  a  similar  function. 
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Fig.  2.515.  — Armature  of  Wagner 
dynanometer  movement.  Greater 
accuracy  is  claimed  for  this  move- 
ment than  the  magnetic  vane,  but 
it  cannot  readily  be  employed  for 
the  indication  of  current  flow,  as 
required  in  ammeters.  The  mag- 
netic vane  movement  is  used 
on  the  A.  C.  ammeter,  and  can  be 
used  also  in  the  A.  C.  voltmeters; 
it  makes  use  of  its  controlling 
spring  only  for  the  purpose  of  re- 
sisting the  pull  on  the  vane  and 
the  returning  of  the  pointer  to 
zero.  The  dynanometer  move- 
ment is  recommended  for  volt- 
meters. 


Fig.  2.516.  — Wan- 
ner 25  watt  pres- 
sure transformer 
for  use  with  vari- 
ous  alternating 
current  instru- 
ments, such  as 
voltmeters,  watt- 
meters, etc.  They 
are  made  in  ca- 
pacities 25,  50. 
100,  and  200 
watts,  and  are 
built  for  pres- 
sures of  750  to 
60,000  volts. 
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Ques.    How  does  the  dynamometer  operate? 

Ans.  When  current  is  passed  through  both  coils,  the  movable 
coil  is  deflected  against  one  of  the  stop  pins,  then  the  tortion 
head  is  turned  to  oppose  the  movement  until  the  deflection  has 
been  overcome  and  the  coil  brought  back  to  its  original  position. 


he.  2.517. — Moving  element  of  Keystone  dynamometer  instrument.  The  illustration  »howi 
the  movable  co«l.  pointer,  aluminum  air  vane  for  damping  the  oecillations.  controlling 
springs,  and  counter  weights. 
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VOL 
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PlG.  2.518. — Keystone  dynamometer  movement.  Since  the  law  governing  this  type  of  in*: 
ment  is  the  law  of  current  squares,  it  follows  that  in  the  case  of  voltmeters,  equally  dLivir 
scales  cannot  be  obtained.  In  the  case  of  wattmeter*,  the  scale  is  approximately  equj 
divided,  due  to  the  fact  that  the  movement  of  the  moving  coil  is  proportional  to  the  pr 
uct  of  the  current  in  the  fixed  and  moving  coils.  The  moving  parts  have  been  made 
light  in  weight  as  is  consistent  with  mechanical  strength,  and  the  entire  moving  systen 
suppor^d  on  jeweled  bearings.  The  motion  of  the  pointer  is  rendered  aperiodic  by 
use  of  an  alumtnum  air  vane  moving  in  a  partially  enclosed  air  chamber.  This  tnetl 
of  damping  the  oscillations  of  the  moving  parts  renders  unnecessary  the  use  of  mechan; 
brakes  or  other  frictional  devices,  which  tend  to  impair  the  accuracy  of  the  instrumf 
The  illustration  shows  a  voltmeter,  which,  however,  differs  but  little  from  a.  wattmc 
In  the  case  of  a  wattmeter  the  fixed  coils  are  connected  in  series  with  the  line,  ei  t  her  <iire\ 
or  through  a  current  transformer,  while  the  moving  coil  is  connected  in  shunt,  to  trie  I 
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The  angle  through  which 
:he  tortion  head  was 
:umed,  being  proportional 
to  the  square  root  of  the 
angle  of  tortion,  the  cur- 
rent strength  in  amperes  is 
*qual  to  the  square  root  of 
the  angle  of  tortion  multi- 
plied by  a  calculated  con- 
rtant,  furnished  by  the 
maker  of  the  instrument. 

Ques.  How  is  the  dy- 
namometer arranged  to 
measure  watts? 

Ans.  When  measuring 
watts,  the  instrument 
should  be  so  arranged  that 
one  coil  carries  the  main 
r-urrent,  and  the  other  a 
small  current  wrhich  is  pro- 
portional to  the  pressure. 


the  con- 
a  dyna- 


Fig.  2.519. — Leeds  and  Northrop  electro-dyna- 
mometer. It  is  a  reliable  instrument  for  the 
measurement  of  alternating  currents  of  commercial 
frequencies.    When  wound  with  fine  wire  and 

used  in  connection  with  properly  wound  resist- 
ances, it  is  equally  useful  for  measuring  alternating 
pressures,  and  may  thus  be  employed  to  calibrate 
alternating  current  voltmeters  as  well  as  ammeters. 
To  til  ve  accurate  results  the  instruments  must  be 
carefully  constructed  and  designed  with  a  view  to 
avoiding  the  eddy  currents  always  set  up  by  alter- 
nating currents  in  masses  of  metal  near,  or  in  the 
circuits.  The  constant  of  a  dynamometer  may 
be  obtained  with  a  potentiometer,  but  this  is  usually 
done  with  precision  by  the  manufacturer  and  a 
certificate  giving  the  value  of  the  constant  is  fur- 
nished with  the  instrument.  The  size  and  cost  of 
dynamometers  rapidly  increase  with  the  maximum 
currents  which  they  are  designed  to  carry,  and 
when  more  than  500  amperes  are  to  be  measured, 
the  use  of  other  instruments  and  methods  is 
recommended. 


Ques.  In 
struction  of 
mometer  what  material 
should  not  he  used  and 
why? 

Ans.  No  iron  or  other 
magnetic  material  should 

h>e  employed  because  of  the  hysteresis  losses  occasioned  thereby. 
The  frame  should  be  of  non-conducting  material  so  as  to  avoid 
eddy  currents. 
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Fh#s.  2,520  to  2.526. — Various  typos  of  Warner  in^ti uiucnii,.  i  ik-  *..»-o.  t>muti  round  t>n* 
fig.  2.521.  horizontal  edgewise  tyj>e;  fig.  2.522.  smallest  switchboard  type;  fig.  2.523.  pari 
able  type;  fig.  2.524,  combination  voltmeter  and  ammeter  in  one  case;  fig.  2.526,  vertjC 
type;  fig.  2.526,  polyphase  type. 
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Watt  Hour  Meters. — A  watt  hour  meter  is  a  watt  meter 
that  will  register  the  watt  hours  expended  during  an  interval 
of  time.  Watt  hour  meters  are  often  erroneously  called  recording 
or  integrating  watt  meters. 

There  are  several  types  of  the  electromoter  form  of  watt  hour 
meter,  which  may  be  classified  as 


ic  2.527 — Interior  Weston  single  phase  wattmeter.  The  general  appearance  of  the  dynamo- 
meter movement  and  the  relative  positions  of  the  various  parts  are  clearly  shown.  The 
parts  are  assembled  on  one  base,  the  whole  movement  being  removable  by  unfastening 
two  bolts.  The  fixed  winding  is  made  up  of  two  coils,  which  together  produce  the  field 
of  the  wattmeter.  The  movable  coll  is  wound  to  gauge  with  silk  covered  wire  and 
treated  with  cement.  While  winding,  the  coil  is  spread  at  diametrical  points  to  allow  the 
insertion  of  the  staff,  which  is  centered  by  means  of  two  curved  plates  cemented  to  the 
inside  surface  of  the  coil  and  forming  a  part  thereof.  The  coil  is  held  in  a  definite  position 
by  two  tiny  pins  which  pass  through  the  staff  and  engage  with  ears  on  the  curved  plates. 
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Pig.  2,528. — Westinghousc  single  phase  Induction  type  watt  hour  meter  removed  from  case. 
The  friction  compensation,  or  light  load  adjustment,  is  accomplished  by  slightly 
unbalancing  the  two  legs  of  the  shunt  magnetic  circuit.  To  do  this  a  short  circuited  loop 
is  placed  in  each  air  gap,  and  means  are  provided  for  adjusting  the  position  of  the  loops 
so  that  one  loop  will  enclose  and  choke  back  more  of  the  flux  than  the  other  loop,  and 
thus  produce  a  slight  torque.  It  will  be  noted  that  this  to  que  depends  on  voltage 
alone,  which  is  practically  constant,  and  is  entirely  indenendent  of  the  load.  Adjustment 
is  accomplished  by  means  of  either  of  two  screws  which  makes  micrometer  adjust  rnex.t 
possible.  It  is  clamped  when  adjusted  by  means  of  a  set  screw,  which  prevents  change, 
rhis  method  makes  possible  an  accuracy  of  adjustment  which  effectively  prevents  creeping. 
The  power  factor  adjustment  consists  of  an  adjustable  compensating  coil  placed  around 
the  shunt  pole  tip.  This  is  adjusted  at  the  factory  by  twisting  together  the  leads  of  th? 
compensating  coil,  thus  altering  its  resistance  until  the  desired  lagging  effect  is  had.  Fre- 

Sjency  adjustment.  133  cycle  meters  are  first  calibrated  on  GO  cycles  and  the  leads 
en  untwisted  to  make  them  correct  on  133  cycles.  To  change  such  a  meter  for  use  oa 
GO  cyclcs>  it  is  necessary  only  to  rctwist  these  leads  to  the  point  shown  by  the  oooditioc 
of  the  wire. 
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1.  Commutator  type; 

2.  Induction  type; 

3.  Faraday  disc  type. 

Ques.    What  are  t 


A  motor,  generator,  and  counting  mechanism. 


and  movable  system  of  Weston  wattmeter.  The  coU  is  described 
in  fig.  2,527.  The  pointer  consists  of  a  triangular  truss  with  tubular  members,  an  index 
tip  of  very  thin  metal  being  mounted  at  its  extremity.  The  index  tip  is  reinforced 
by  a  rib  stamped  into  the  metal.  The  pointer  is  permanently  joined  to  a  balance  cross, 
consisting  of  a  fiat  center  web,  provided  with  two  short  arms  and  one  long  arm,  each 
arm  carrying  a  nut  by  means  of  which  the  balance  of  the  system  may  be  adjusted. 
The  longest  arm,  which  is  opposite  the  pointer,  carries  a  balance  nut,  consisting  of  a  thin 
walled  sleeve  provided  with  a  relatively  larue  flange  at  its  outer  end.  The  sleeve  is  tapped 
with  272  threads  to  the  inch,  the  internal  diameter  of  the  sleeve  being  made  slightly  smaller 
than  the  outside  diameter  of  the  screw,  and  the  sleeve  is  split  lengthwise;  therefore  when 
sprung  into  place  and  properly  adjusted  it  will  remain  permanently  in  position.  A  sleeve 
which  is  forced  over  the  end  of  the  staff  carries  the  pointer  firmly  clamped  between  a 
flanged  shoulder  and  a  nut.  By  perforating  the  webb  plate  of  the  balance  cross  with  a 
hole  having  two  flat  sides  that  fit  snugly  over  a  similarly  shaped  portion  of  the  sleeve, 
the  pointer  is  given  a  definite  and  permanently  fixed  angular  position.  The  air  damper 
consists  of  two  very  light  symmetrically  disposed  vanes,  which  are  enclosed  in  chambers 
made  as  nearly  air  tight  as  possible.  These  vanes  are  formed  of  very  thin  metal  stiffened 
by  ribs,  stamped  into  them  and  by  the  edges,  which  are  bent  over  to  conform  to  the  surface 
ol  the  side  walls  of  the  chambers.  They  are  attached  by  metal  eyelets  to  a  cross  bar  carried 
on  a  sleeve  similar  in  construction  to  the  one  at  the  upr>er  end  of  the  staff.  This  cross 
bar  is  held  in  place  by  a  nut.  and  is  provided  at  the  center  with  a  hole  having  two  flat 
side*,  being  similar  in  shape  to  the  one  in  the  balance  cross.  This  hole  likewise  fits  over  a 
sleeve  and  definitely  locates  the  vanes  with  reference  to  the  other  parts  of  the  system. 
The  damper  box  is  cast  in  one  piece  to  form  the  base  that  carries  the  field  coils  and  the 


Ques.    What  is  the  function  of  the  motor? 

Ans.    Since  the  motor  runs  at  a  speed  proportional  to  the 
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energy  passing  through  the  circuit,  it  drives  the  counting  mechan- 
ism at  the  proper  speed  to  indicate  the  amount  of  energy  consumed. 
Ques.    What  is  the  object  of  the  generator? 

Ans.    It  furnishes  a  suitable  counter  torque  or  load  for  the  motor. 


Case 


Fig.  2,53(1. — West  inghouse  polyphase  induction  type  watt  hour  meter,  covers  removed.  Tfc^ 
type  is  made  for  two  phase  thrre  wire  and  four  wire,  and  three  phase  three  wire  and  foe* 
wire  circuits.  Meters  for  circuits  of  more  than  300  amperes  or  500  volts  require  tW* 
formers,  but,  like  the  self-contained  meters,  are  calibrated  to  read  directly  m  lrikOMtt 

hours  on  the  dial,  without  a  multiplying  constant.  ^ .  ,  -  , 
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J.  Is  there  any  other  resistance  to  be  overcome  by 

the  motor  ? 

Ans.  It  must  overcome  the  friction  of  all  the  moving  parts. 

Ques.  Is  the  friction  constant? 

Ans.  No. 


START 


SHUNT 
ELEMENT 


SHUNT 


'Ki  1531  to  2.533. — Diagram  of  electro-magnetic  circuit  of  Weatinghouse  induction  type 
■Jtt  hour  meter,  and  diagram  showing  rotation  of  field.  The  dotted  lines  show  the  main 
J™  ■  the  magnetic  flux  produced  by  the  two  windings,  the  directions,  however,  arc 
22?Antfy  reversing  owing  to  the  alternations  of  the  current  in  the  coils.  Denoting  the 
■j»t  «nd  aenes  pole  tips  by  the  letters  as  shown,  a  cleat  statement  of  Um  relation  of  the 
■■■far each  quarter  period  may  be  given.  The  signs  +  and  —  represent  the  instan- 
j*asous  values  of  the  poles  indicated.  Thus,  at  one  instant  the  shunt  pole  tips  A,  C,  and 
Aj  are  maximum  +,  — ,  and  +,  respectively  because  the  instantaneous  value  ox  the  current 
w  naxanum,  while  the  value  of  the  series  flux  is  zero.  A  t  ^  period  later  the  shunt  current 
«  wo,  giving  tero  magnetic  pressure  at  the  pole  tips,  while  the  series  current  has  reached 
■naxunum  value,  giving  maximum  —  and  +  at  the  pole  tips  B and  D.  At  the  nest  ^ 
P*fad  the  shunt  current  is  again  maximum,  but  in  a  direction  opposite  to  what  it  was 
*v°*  "inning,  making  the  pole  tips  A.  C.  and  Ai  +.  — ,  and  -4*.  respectively,  while  the 
ESPS?*?  ^fcin  is  zero,  etc.,  the  values  for  the  complete  cycle  being  given  in  fig.  2.533. 
"^Jte  observed  from  the  table  that  both  the  -f-  and  —  signs  move  constantly  in  the 
m*n  Ai  to  A,  indicating  a  shifting  of  the  field  in  this  direction,  the  process  being 
repeated  during  each  cycle, 

Ques.  What  provision  is  made  to  correct  the  error 
toe  to  friction? 

Th#,  meter  is  compensated  by  exciting  an  adjustable 
"^^y  field  from  the  shunt  or  pressure  circuit. 
Ques.  What  is  the  construction  of  the  generator? 
Ans.  In  nearly  all  meters  it  consists  of  a  copper  or  aluminum 
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BUSHING 


DISCS  OF  BILLIARD 
CLOTH,  SOAKED  IN 
JEWELERS' OIL. 


SHAFT 


STEEL  BALL 

71 


disc  carried  on  the 
same  shaft  with  the 
motor  and  rotated  in 
a  magnetic  field  of 
constant  value. 

Ques.  How  is  the 
counter  torque 
produced  ? 

Ans.  When  the  disc 
is  rotated  in  the  mag- 
netic field,  eddy  cur- 
rents are  induced  in 
the  disc  in  a  direction 
to  oppose  the  motion 
which  produces  them. 

Ques.  For  what 
services  is  the  com- 
mutator type  meter 
used? 

Ans.  It  is  used  on 
both  direct  and  alter- 
nating current  cir- 
cuits. 


Figs.  2.634  and  2.535.— Cross  section  of  bearings  of  Westinghouse  induction  type  watt 

meter.  The  lower  bearing  consists  of  a  very  highly  polished  and  hardened  steel  ball 
resting  between  two  sapphire  cup  jewels,  one  fixed  in  the  end  of  the  bearing  screw  and  the 
other  mounted  in  a  removable  sleeve  on  the  end  of  the  shaft.  Owing  to  the  minute  gyra- 
tions of  the  shaft  the  ball  has  a  rolling  action,  which  not  only  makes  a  lower  friction  co- 
efficient than  the  usual  rubbing  action,  but  presents  constantly  new  bearing  surfaces  and 
thus  produces  long  life.  The  upper  bearing  is  only  a  guide  bearing  to  keep  the  shaft  in 
a  vertical  position,  and  is  subject  to  virtually  no  pressure,  and  consequently  little  friction. 
It  consists  of  a  steel  pin  fastened  to  a  .-emovable  screw  and  projecting  down  into  a  bush- 
in  a  recess  drilled  in  the  shaft.  The  bottom  of  this  recess  is  filled  with  billiard  cloth 
with  watch  oil.   A  film  of  oil  is  maintained  around  the  pin  by  capillary  action. 
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Ques.    What  is  the  objection  to  the  commutator  meter? 

Ans.  The  complication  of  commutator  and  brushes,  and  the 
fact  that  the  friction  of  the  brushes  is  likely  to  affect  the  accuracy 
of  the  meter. 


Pic.  2.536. — Diagram  of  Fort  Wayne,  induction  watt  hour  meter.  It  is  designed  to  register  the 
energy  of  alternating  current  circuits  regardless  of  the  power  factor,  and  embodies  the  usual 
induction  motor,  eddy  current  generator  and  registering  mechanism.  The  electrical  arrange- 
ment of  the  meter  consists  of  a  current  circuit  composed  of  two  coils  connected  in  series 
with  each  other  and  in  series  with  the  line  to  be  measured,  and  a  pressure  circuit  consisting 
of  a  reactance  coil  and  a  pressure  coil  connected  in  series  with  each  other  and  across  the 
line  to  be  measured.  In  addition,  the  pressure  circuit  contains  a  light  load  coil  wound  over 
a  laminated  sheet  steel  member,  adjustably  arranged  in  the  core  of  the  pressure  coil  and 
connected  across  a  small  number  of  turns  of  the  reactance  coil  so  as  to  give  a  field  sub- 
stantially in  phase  with  the  impressed  pressure.  The  light  load  winding  is  further  provided 
with  a  series  adjustable  resistance  furnished  for  the  purpose  of  regulating  the  current 
flowing  in  the  light  load  winding,  thereby  providing  a  means  of  lagging  the  meter  on  high 
frequencies,  such  as  125  or  140  cycle  circuits.  The  pressure  circuit  also  comprises  a  lag 
coil  wound  over  the  upper  limb  of  the  core  of  the  pressure  circuit  and  provided  with  an 
adjustable  resistance  for  obtaining  a  held  component  in  quadrature  with  the  shunt  held. 


Ques.    What  are  its  characteristics? 

Ans.    It  is  independent  of  power  factor,  wave  fosm,  and 
frequency  when  no  iron  is  used  in  the  motor. 
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Ques.   What  meter  is  chiefly  used  on  A.  C.  circuits? 

Ans.    The  induction  meter. 

Principles  of  Induction  Watt  Hour  Meters. — Every 
commercial  meter  of  this  type  is  made  up  of  a  number  of  elements. 


Fig.  2,537. — Fort  Wayne  multiphase  induction  watt  hour  meter.  The  construction  of  the 
mechanism  is  essentially  two  single  phase  motor  elements,  one  at  the  bottom  of  the  meter 
in  a  suitable  position,  the  other  inverted  and  placed  at  the  top  of  the  meter.  Each  element 
acts  on  a  separate  cup,  but  both  cups  are  mounted  on  a  single  shaft  so  that  the  registration 
is  due  to  the  resultant  torque  of  the  two  elements.  The  meter  is  provided  with  three  sup- 
porting lugs,  the  one  at  the  top  being  kcyholed  and  one  of  the  bottom  two.  slotted  to  facili- 
tate leveling.  The  registering  mechanism  is  mounted  on  a  cast  iron  bracket  at  the  middle 
of  the  meter  between  the  two  motor  elements.  The  supporting  bracket  is  attached  to  the 
meter  base  by  two  screws  and  aligned  by  two  dowel  pins.  The  register  is  of  the  four  dial 
type,  reading  in  kilowatt  hours.  Each  division  of  the  right  hand  circle,  or  that  rmr«  il 
oyer  by  the  most  rapidly  moving  pointer,  equals  one  kilowatt  hour  in  meters  with  oat  a 
constant.  In  meters  of  larger  capacities,  dial  constants  of  10,  100  and  1.000  arei 
l  which  case  it  is  only  necessary  to  add  one,  two  or  three  ciphers  to  the  observed 
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described  below.  Each  of  these  elements  and  parts  has  certain 
functions,  and  each  is  therefore  necessary  to  the  successful  oper- 
ation of  the  meter;  moreover,  each  element,  unless  correctly  de- 
signed, may  introduce  a  source  of  inaccuracy.  These  elements  are : 

1.  The  field  producing  element; 

2.  The  moving  element; 

3.  The  retarding  element; 


UME 

1 

3 

'LOAD 

_  ■  CZD 

i  =  1 

Fic«k  2,534  to  2,541. — Connections  of  Fort  Wayne  multi-phase  watt  hour  meters  (type  V* — 
forms  MAB  and  MAK).  for  100-625  volt  circuits.  5-150  amperes.    Fig.  2.538  two  and 
three  wire  circuit,  25-36  cycles;  hg.  2.539  two  and  three  phase.  3  wire  circuit, 
and  above;  hg.  2.540.  two  phase  4  wire  circuit.  25-36  cycles;  fag. 2.541  two  phase. 
4  wire  circuit  36  cycles  and  above. 


4.  The  registering  element; 

5.  The  mounting  frame  and  bearings; 

6.  The  friction  compensator; 

7.  The  power  factor  adjustment; 

8.  Frequency  adjustment; 

9.  The  case  and  cover. 
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1.  The  Field  Producing  Element. — This  consists  of  the 
electro-magnetic  circuit  and  the  measuring  coils.  One  of  these 
coils,  connected  in  series  with  the  circuit  to  be  metered,  is  wound 
of  few  turns  and  is  therefore  of  low  inductance.  The  current 
through  it  is  in  phase  with  the  current  in  the  metered  circuit. 
The  other  coil,  connected  across  the  circuit,  is  highly  inductive, 
and  therefore  the  current  in  it  is  nearly  90  degrees  out  of  phase 
with,  and  proportional  to  the  voltage  of  the  metered  circuit 


Fig.  i.',04J. — Fort  Wayne  single  phase  induction  watthour  meter  with  cover  removed.  The 
rotating  parts  consist  of  an  aluminum  disc  mounted  on  a  short  shaft  of  small  diameter. 
The  lower  end  has  inserted  in  it  a  hardened  steel  pivot  which  rests  in  a  cup  shaped  jewel 
bearing.   The  top  of  the  meter  shaft  is  drilled  and  provided  with  a  small  washer  having 
the  central  hole  of  very  small  diameter.    Into  this  hole  there  extends  a  steel  pin  around 
which  the  shaft  turns.    Two  micrometer  screws  a^e  provided  for  load  adjustment — one 
for  the  full  load  and  the  other  for  the  light  load  adjustment.  The  adjustment  for  accuracy 
on  full  load  is  secured  by  varying  the  position  of  the  permanent  magnets,  sliding  them 
either  in  or  out  from  the  center  of  the  rotating  disc  of  the  meter  depending  on  whether  it 
is  desired  to  increase  or  decrease  the  speed  o*  the  disc.   The  micrometer  screw  shown  in 
the  figure  serves  to  vary  the  position  of  the  permanent  magnets,  causing  the  shoe  in  which 
the  two  magnets  are  firmly  clamped  to  slMe  on  the  milled  magnet  support  which  is  cast 
as  an  integral  part  of  the  meter  frame.   When  the  proper  position  of  the  magnets  has  been 
accurately  determined  by  adjustment  and  test,  the  shoe  which  holds  the  two  magnets  is 
clamped  firmly  to  the  mt'led  magnet  support  by  two  screws,  one  of  which  is  shown  in  the 
figure.   The  adjustment  for  accuracy  on  light  load  is  secured  by  varying  the  position  of  a 
metal  punching,  known  as  the  starting  plate,  laterally  under  the  pressure  pole  in  the 
path  of  the  pressure  flux.     This  lateral  movement  is  accomplished  by  means  of  the 
mic  rometer  st  rew.   When  the  proper  position  of  this  punching  has  been  accurately  deter- 
mined by  adjustment  and  test,  it  is  secured  in  place  by  tightening  the  two  brass  screws 
which  serve  to  clamp  it  to  the  meter  frame. 
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across  its  terminals.  Therefore,  when  the  current  in  the  circuit 
is  in  phase  with  the  voltage  (100  per  cent,  power  factor)  the 
currents  in  the  meter  coils  are  displaced  almost  90  degrees  with 
respect  to  each  other. 

Ques.    How  is  this  angle  made  exactly  90  degrees? 

Ans.    By  means  of  the  power  factor  adjustment. 

Ques.    How  are  the  coils  mounted  ? 

Ans.    They  are  so  mounted  on  the  core  that  the  currents  in 


Motes  for  Mount inq 


Pic  2.M3. — Rear  view  of  Port  Wayne  tingle  phase  induction  watthour  meter  with  back 
cover  plate  removed.  The  pressure  and  current  coils  and  their  respective  cores  lie  behind 
the  main  frame  of  the  meter.  This  complete  electromagnetic  unit  can  be  removed  as  a 
whole  from  its  mounting  in  the  case.  '1  he  pressure  coil  is  wound  from  enameled  wire, 
the  number  of  turns  being  very  high.  The  current  coils  have  but  few  turns  each  and  are 
wound  from  cotton  covered  wire.  All  coils  are  heated  with  insulating  compound  before 
assembling  in  the  meters.  The  laminated  iron  cores  placed  within  these  coils  are  built 
up  from  magnetic  steel.  The  magnetic  circuits  formed  by  the  cores  of  the  pressure  and 
current  coils  arc  so  arranged  that  they  exert  a  high  torque  upon  the  disc  of  the  rotating 
element  in  order  that  minute  variations  in  the  friction  of  the  moving  parts,  which  are 
likely  to  occur  will  not  cause  any  appreciable  error  in  the  registration  of  the  meter.  The 
iron  case  surrounding  the  electrical  elements  protect  that  part  of  the  meter  from  the 
effects  of  external  stray  fields,  while  the  astatic  arrangement  of  the  permanent  magnets 
tends  to  prevent  any  influence  on  the  damping  system.  The  fact  that  the  iron  frame  of 
the  meter  lies  between  the  permanent  magnets  and  the  current  coils  protects  the  magnets 
frrnn  the  effects  of  short  circuits  which  create  a  strong  magnetic  field  within  the  meter  itself. 
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them  produce  a  rotating  or  shifting  field  in  the  air  gap,  in  some- 
what the  same  manner  that  the  currents  in  the  primary  windings 
of  an  induction  motor  produce  a  rotating  field. 

Ques.  What  is  the  strength  of  the  rotating  field  with 
90  degrees  phase  difference  between  the  currents? 

Ans.    It  is  proportional  to  the  product  of  the  currents  in  the 


Pig.  2,544. — Fort  Wayne  single  phase  induction  watthour  meter  with  cover  register  an<* 
permanent  magnets  removed  to  show  solid  meter  frame.  A  heavy  steel  back  plate  held  in 
place  by  two  screws  inserted  from  the  front  of  the  central  casting  encloses  the  back  part 
of  the  completely  assembled  meter.    A  felt  gasket  lying  on  a  suitable  ledge  seals  the 

{'oint  against  the  entrance  of  dust  or  moisture  when  the  back  plate  is  drawn  down  firmly 
>y  the  screws.  The  cover  which  encloses  the  back  part  of  the  meter  is  a  non-magnetic 
metallic  stamping.  It  is  held  in  place  by  wing  nuts  on  the  two  light  brass  studs  extending 
forward  from  the  meter  frame.  This  joint  between  the  main  frame  and  the  cover  is  also 
sealed  against  the  entrance  of  dust  and  moisture  by  the  use  of  a  suitable  felt  gasket.  Two 
glass  windows  are  provided  in  this  cover,  one  to  permit  the  reading  of  the  register  dials, 
the  other  to  permit  observation  of  the  disc's  rotation.  The  cover  is  sealed  in  place  in  the 
usual  way  by  passing  a  sealing  wire  through  a  hole  drilled  in  the  cover  sealing  stud  and 
thence  through  a  hole  provided  in  the  wing  of  the  seal  nut.  The  terminal  chamber  is  an 
extension  of  the  casting  which  supports  all  the  inner  parts  of  the  meter.  The  heavy  brass 
terminals  used  for  connecting  the  meter  in  circuit  are  held  permanently  by  a  non-com- 
bustible insulating  compound  which  is  moulded  in  place  around  them.  This  construction 
gives  excellent  insulation  and  is  a  safeguard  against  accidental  short  circuits  across  ter- 
minals. A  punched  terminal  coyer  which  fits  over  the  terminal  chamber  is  hinged  at  the 
upper  left  hand  corner  so  that  it  will  of  its  own  accord  swing  out  of  the  way  when  the 
terminal  cover  sealing  screw  is  removed.  This  hinged  style  of  cover  will  be  found  con- 
venient when  installing  and  connecting  the  meter  m  circuit.  When  this  cover  is  swum 
back  into  closed  position  it  is  fastened  in  place  by  passing  a  seal  right  through  the  teal 
screw  and  through  a  lug  provided  on  the  cover. 

Digitized  by  Google 


INDICATING  DEVICES 


1,811 


i 


two  coils  and  therefore  proportional  to  the  product  of  current 
and  voltage  in  the  metered  circuit. 

At  any  other  power  factor  the  field  is  proportional  to  this  product 
multiplied  by  the  sine  of  the  angle  of  phase  difference  between  the  two 
meter  currents.  If  the  current  in  the  voltage  coil  be  in  quadrature  with 
the  voltage  of  the  metered  circuit,  at  any  power  factor  the  sine  of  the 
angle  of  phase  difference  between  the  currents  in  the  meter  circuits 
will  be  equal  to  the  cosine  of  the  angular  displacement  between  the  cur- 
rent and  voltage  in  the  metered  circuit.  Under  these  conditions  there- 
fore the  strength  of  the  shifting  field  is  proportional  also  to  the  power 
factor  of  the  circuit.  In  other  words,  the  strength  of  the  rotating  field 
is  proportional  to  the  product  of  the  volts,  amperes  and  power  factor 
and  is  therefore  a  measure  of  the  actual  power. 
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Pic.  2.545. — Sangamo  single  phase  induction  watt  hour  meter;  view  with  cover  removed  show- 
ing mechanism.  Djgitjzed  by  Goog[e 
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Ques.    In  what  part  of  the  meter  is  energy  consumed? 

Ans.    In  the  field  producing  element. 

It  is  upon  the  design  of  this  element  that  the  losses  in  the  meter 
depend.  Current  is  flowing  through  the  shunt  coil  continuously,  even 
when  no  energy  is  be  ng  taken,  and  the  higher  the  inductance  of  this 


PlC.  2,546.— Main  grid  or  supporting  frame  of  Sangamo  single  phase  induction  watt  hour  met**. 
The  grid  is  of  cast  iron  and  its  design  is  such  that  the  weight  of  the  permanent  magm' 
aeries  laminated  clement  and  return  plate  are  carried  on  the  main  portion,  the  smalV' 
projecting  brackets  carrying  no  weight  except  that  of  the  moving  system.  The  supportr- 
grid  is  removed  by  taking  out  the  three  screws  locating  and  holding  it  in  position,  to  thr 
iron  base,  also  removing  at  the  same  time  the  screws  connecting  the  leads  of  the  series  coi'j 
to  the  binding  posts  at  the  bottom.  The  meters  are  all  built  with  four  binding  posts  sa 
that  they  may  be  connected  either  with  two  series  leads  and  a  tap  for  the  pressure  coo- 
nection  or  with  both  sides  of  the  circuit  carried  through  the  meter.  The  wire  meters  employ 
a  220  volt  shunt  coil,  connected  across  the  binding  posts  within  the  meter,  one  series  col 
being  in  each  of  the  outer  lines  of  the  three  wire  system.  This  renders  unnecessary  the  us: 
of  a  pressure  tap. 

coil,  the  smaller  will  be  the  energy  component  of  the  constant  flow.  The 
series  coil  causes  a  loss  of  energy  proportional  to  the  square  of  the 
current  flowing.  It  also  causes  a  drop  in  voltage,  both  inductive  and 
resistive,  hence,  the  resistance  and  inductance  of  the  series  coil  of  tbc 
meter  should  be  as  low  as  possible. 
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Ques.   How  should  the  magnetic  circuit  be  designed? 

Ans.  The  design  should  be  such  that  the  increase  of  magnetic 
Sux  with  high  voltage  or  high  current  will  not  have  a  retarding 
action  but  will  act  only  to  increase  the  torque. 

If  the  retarding  effect  be  not  prevented,  the  meter  will,  of  course, 
run  slow  at  overloads.  A  comparative  test  of  meters  at  varying  load 
and  at  varying  voltage  will  reveal  the  characteristics  of  the  magnetic 
circuit. 

2.  The  Moving  Element. — This  usually  consists  of  a  light 
metal  disc  revolving  through  the  air  gap  in  which  the  rotating 
field  is  produced 


PlG.  2.547. — Moving  clement  of  Sa  g  -irj  simr'.e  jn  i^e  induction  watt  hour  meter.  It  consist* 
of  a  light  aluminum  disc  mount  I  n  t 1%  h*T  I  i>imss  shaft,  the  entire  system  weighing  15.6 
grams.  The  disc  is  swaged  undv  h  i\-  pr  ssure.  to  render  it  stiff.  The  arrangement  of 
the  disc,  shaft,  and  bearings  is  shown  in  fig.  2.548.  By  unscrewing  the  upper  and  lower 
bearings  the  disc  and  shaft  can  be  removed  without  disturbing  the  magnets  or  adjustments. 

Ques.   What  is  the  action  of  the  disc? 

Ans.  It  acts  like  the  squirrel  cage  armature  of  an  induction 
motor,  developing  the  motive  torque  for  the  meter. 

Ques.   How  is  this  torque  counter  balanced? 

Ans.  By  the  retarding  element  so  that  the  speed  is  pro- 
portional to  the  torque. 

Ques.   How  should  the  disc  be  made  and  why? 

Ans.  As  light  as  possible  to  reduce  wear  on  the  bearings  to 
i  minimum. 
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Fig.  2,548. — Bearing  system  of  Sangamo  single  phase  induction  watt  hour  meter.  1 
upper  pivot,  or  hearing,  is  made  of  tempered  steel  wire  and  of  sufficiently  small  dianxtt' 
be  quite  flexible  in  the  length  between  the  top  of  the  brass  shaft  and  the  guide  ring  in  wh* 
rotates.    The  guide  ring,  made  of  phosphor  bronze,  has  the  heavy  hole  lined  and  burntsjvj 
The  upper  l>caring  screw,  in  which  the  bronze  bushing  is  carried,  is  so  constructed  that  -i  *n 
brass  sleeve  closely  surrounds  the  upper  pivot  of  the  spindle.    Any  blow  against  there  v~ 
system,  caused  by  accident  or  short  c  ircuit,  will  slightly  deflect  the  shaft  until  the  ?' 
pivot  touches  against  the  side  of  the  shell,  thus  preventing  danger  of  breaking  off  or  beri ' 
the  upper  pivot.    At  the  same  time  a  cushioning  or  flexible  action  between  the  sha.'*  - 
the  bearing  shell  is  secured,  thus  eliminating  the  effect  of  vibration  in  the  moving  sv*v 
which  would  tend  to  produce  rattling.  The  lower  hearing  consists  of  a  cup  sapphire  .^ 
supported  in  a  threaded  pillar,  the  upper  end  of  which  is  provided  with  a  sleeve  so  K> - 
that  it  prevents  the  moving  clement  dropping  out  during  shipment.   This  protecting 
is  held  friction  tight  on  the  shaft  and  can  be  removed  if  it  bo  desired  to  inspect  the  ;H 
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3.  The  Retarding  Element.— This  part  acts  as  a  load  on 
the  induction  motor  and  enables  the  adjustment  of  its  speed  to 
normal  limits.  In  order  that  the  speed  shall  be  proportional  to 
the  driving  torque,  which  varies  with  the  watts  in  the  circuit, 
it  is  necessary  that  the  torque  of  the  retarding  device  be  propor- 
tional to  the  speed.  For  this  reason  a  short  circuited  constant 
field  generator,  consisting  of  a  metal  disc  rotating  between  per- 
manent magnet  poles,  has  been  generally  adopted. 

Ques.    How  is  the  retarding  torque  produced? 

Ans.  Eddy  currents  are  induced  in  the  disc  in  rotating  through 
;he  magnetic  field  which,  according  to  Lenz  law,  oppose  the 
:orce  that  produces  them,  thus  developing  a  retarding  torque. 

Ques.  How  is  the  constant  field  for  the  retarding  disc 
Droduced? 

Ans.    By  permanent  magnets. 

The  retarding  disc  may  be  the  same  disc  used  for  the  moving  element, 
in  which  case  the  meter  nV.d  acts  on  one  edge  while  the  permanent 
magnet  field  acts  on  the  edge  diametrically  opposite.  This  arrangement 
simplifies  the  number  of  parts  and  saves  space  and  weight  of  moving 
element. 

Ques.  What  error  is  likely  to  be  introduced  by  the 
etarding  element? 

Ans.  If  the  strength  of  the  permanent  magnets  change 
rom  any  cause,  the  retarding  torque  will  be  changed  and  the 
ralibration  of  the  meter  rendered  inaccurate. 

Ques.  How  may  the  strength  of  the  permanent  mag- 
lets  be  changed  ? 

Ans.  They  may  become  weak  with  age,  or  affected  by  the 
>roximity  of  other  magnetic  fields.  The  series  coil  of  the  meter 
nay,  under  short  circuit  so  affect  the  strength  of  the  permanent 
nagnets  as  to  render  the  meter  inaccurate. 
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Ques.  What  precautions  are  taken  to  keep  the  strength 
of  the  permanent  magnets  constant? 

Ans.  Weakening  with  age  is  prevented  by  the  process  of 
"Agin£."  The  c.T?rt  of  nnjY*>v»i"*  f:  ! i;  o-^^rne  by  iron 
shields;  this  prevents  t!ic  etectrvTiagn^ts  a  Toting,  through 
overloads,  the  stren  :t.h  of  t"i^  pTTiamnt  *ni  vi  *ts. 

4.  The  R^Vster'nl  Eleimn*.  -TV;  mchaiisn  comprises 
the  dials,   ]  o!..ters.  and   j»ear   fin   rvessar/  to  secure  the 


PlG.  2,549. — Register  dial  of  Sangamo  single  phase  induction  watt  hour  meter  (full  size).  The 
dial  circles  read  10,  100,  1,000,  and  10.000  kilowatt  hours  from  right  to  left. 

required  reduction  in  speed.  This  gear  train  is  driven  directly 
by  the  rotor  and  therefore  its  friction  should  be  low  and  constant. 
The  dials  should  be  easily  read  and  should  register  directly  in 
kilowatt  hours.  If  a  constant  be  used  to  reduce  the  reading  to 
kilowatt  hours,  it  should  be  some  multiple  of  10,  to  avoid  errors 
in  multiplication.  By  means  of  suitable  gears  in  the  meters  this 
is  easily  accomplished. 

5.  The  Mounting  Frame  and  Bearings. — These  parts 
have  an  important  influence  on  the  accuracy  of  the  meter,  as  it 
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is  in  the  bearings  that  most  of  the  friction  in  the  meter  occurs. 
The  frame  should  be  rigid  and  free  from  vibration,  so  fiat  the 
bearings  will  be  at  all  times  in  perfect  alignment. 

Initial  friction  is  unavoidable  in  any  meter  construction  and  can  be 
easily  compensated  for.  A  change  in  the  initial  friction,  however,  due 
to  wear  of  bearings,  makes  readjustment  necessary. 

In  selecting  a  meter  the  special  attention  should  therefore  be  given, 
to  the  construction  of  the  'bearings,  particularly  the  lower,  or  "step" 
bearing  which  supports  the  weight  of  the  moving  element. 


r*ic.  2.560. — Canadian  dial  of  Sangamo  single  phase  induction  watt  hour  meter.  It  has  a  small 
test  circle  indicating  one  kilowatt  hour  per  revolution  in  all  sizes  where  the  first  regular 
circle  indicate*  10.  This  is  provided  to  conform  with  the  requirements  of  the  Canadian 
government  and  it  is  intended  that  the  hand  on  the  test  circle  shall  make  not  less  than  yi 
revolution  in  one  hour  with  full  load  on  a  meter.  In  the  case  of  a  10  ampere  meter,  it  will 
make  one  complete  revolution  in  one  hour  and  for  a  20  ampere,  two  revolutions,  and  so  on. 
The  train  or  indicating  mechanism  is  carried  on  a  rigidly  formed  and  swaged  brass  bracket, 
accurately  located  by  two  dowel  pins  set  in  the  top  lace  of  the  main  grid,  and  is  held  to  the 
grid  with  two  screws  easily  accessible  when  it  is  desired  to  remove  the  train  for  any 
purpose  All  indicating  trains  used  on  type  "H  "  meters  are  marked  with  symbols  on  the 
back  of  the  train  and  on  the  compound  attachment  to  indicate  the  gear  ratio  of  each  com- 
bination; this  ratio  being  different  for  meters  of  different  capacities  in  order  to  obtain  a 
direct  reading  in  kilowatt  hours  on  the  dial. 


Ques.    Describe  a  good   construction  for  the  step 


Ans.  A  desirable  construction  would  consist  of  a  very  highly 
►lished  and  hardened  ball  with  jewel  seats. 


bearing. 
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6.  The  Friction  Compensator. — The  object  of  this  device 
is  to  overcome  the  initial  friction  of  the  moving  parts.  It  is 
evident  that  if  this  initial  friction  were  not  compensated  some 
of  the  driving  torque  of  the  meter  would  be  used  in  overcoming 
it,  and  the  meter  would  therefore  not  rotate  at  very  light  load, 
and  not  fast  enough  at  other  loads,  thus  rendering  the  registra- 
tion inaccurate,  especially  at  light  loads. 


FlC.  2.551. — Base  and  shunt  coil  of  Sangamo  single  phase  induction  watt  hour  meter.  Since 

the  shunt  or  pressure  coil  sometimes  breaks  down  or  burns  out.  due  to  abnormal  line  con- 
ditions or  accident,  provision  is  made  for  easy  replacement.  The  shunt  magnet  with  its 
coil  is  held  to  the  base  by  two  dowel  pins  and  lour  screws,  enabling  it  to  be  removed  as  a 
unit  as  shown.  A  new  core  and  coil  may  then  be  substituted  without  the  necessity  of 
removing  and  replacing  laminations.  The  shunt  coil  in  25  cycle  meters  is  wider  and  coo- 
tains  more  steel  than  the  00  and  133  cycle  coils,  the  winding  also  being  correspondingly  in- 
creased. The  return  plate  and  Series  coil  laminations  are  also  changed  in  proportion  to 
correspond  to  the  increased  width  of  the  shunt  magnet.  The  laminations  forming  the  core 
are  laced  into  the  shunt  coil,  and  subjected  to  enormous  hydraulic  pressure,  the  rivets  being 
set  at  the  same  time,  to  form  ft  compact  unit  and  eliminate  humming.  The  laminated  core 
of  the  shunt  element  has  but  a  single  air  gap  in  which  these  discs  rotate. 

Since  meters  are  usually  run  at  li^ht  loads  it  is  important  that 
an  efficient  light  load  adjustment  or  friction  compensator  should 
be  provided. 

Ques.    What  important  point  should  be  considered  in 
the  design  of  the  friction  compensator? 

Ans.    The  compensating  torque  must  not  cause  the  moving 
element  to  rotate  or  "creep"  without  current  in  the  series  coil. 
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The  rotation  of  a  meter  is  caused  by  two  distinct  torques,  the  varying 
meter  torque,  dependent  on  the  power  in  the  circuit,  and  the  constant 
torque  adjusted  to  compensate  the  initial  friction. 

The  friction  at  all  speeds  is  not  exactly  the  same  as  the  initial  friction, 
and  therefore  the  friction  compensating  torque  may  be  in  error  a  few 
per  cent,  at  high  speeds. 


Kics.  2.552  and  2.553. — Arrangement  of  magnetic  circuit  of  Sangamo  single  phase  induction 
meter.  Fig.  2,552.  front  view;  fig.  2,553,  rear  and  side  view.  As  shown,  the  gap  of  the 
shunt  held  in  which  the  disc  rotates,  projects  in  between  the  poles  of  the  series  magnet, 
the  return  plate  bending  around  so  as  to  clear  the  upper  leg  of  the  shunt  magnet.  This 
(fives  the  desired  proximity  of  shunt  and  scries  fields  with  a  maximum  radius  of  action  for 
both  sets  of  field.  In  all  capacities  up  to  and  including  60  amperes,  2  wire  and  3  wire, 
round  wire  and  taped  scries  coils  are  used,  and  in  capacities  of  80  and  100  amperes,  strap 
windings.  Meters  exceeding  100  ampere  capacity  have  five  ampere  coils  and  are  operated 
from  external  current  transformers  naving  5  ampere  secondaries.  The  series  windings 
or  coils  are  mounted  on  a  laminated  iron  U  shaped  magnet  having  a  laminated  return  path 
above  the  disc  of  the  meter,  thus  forming  air  gaps  in  which  the  disc  rotates.  The  series 
coils  in  all  capacities  not  having  strap  windings  are  held  firmly  in  position  on  the  yoke  so 
that  they  cannot  slip  up  from  the  lowest  position.  This  is  accomplished  by  means  of  a  pair 
of  spring  brass  clips  slipped  through  the  coils  on  the  rear  face  ot  the  yoke,  the  clips  being 
held  by  the  two  screws  which  fasten  the  series  magnet  to  the  main  grid.  As  an  additional 
precaution,  spring  steel  lock  washers  are  put  beneath  the  heads  of  the  holding  screws,  thus 
eliminating  any  chance  of  the  series  magnet  loosening  and  changing  position. 

If  the  compensating  torque  be  small  compared  with  the  driving  torque, 
this  small  error  percentage  is  negligible  in  its  effect  on  accuracy.  The 
smaller  it  is,  the  greater  will  be  the  accuracy  at  all  loads,  and  therefore, 
as  the  compensating  torque  is  adjusted  to  balance  the  initial  friction 
the  initial  friction  should  be  small  compared  with  the  driving  torque. 
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In  the  wattmeter  type,  the  phase  relation  between  the  pressure  and 
the  current  fluxes  is  such  that  on  a  non-inductive  load  the  torque  is  zero. 

For  instance,  in  a  dynamometer  wattmeter,  the  pressure  circuit  is 
made  highly  inductive  and  the  instrument  then  indicates  volts  X  am- 
peres X  sin  <j>  instead  of  volts  X  amperes  X  cos  4.  that  is  to  say,  it  wffl 
indicate  the  wattless  component  of  the  power.  A  dynamometer  of  this 
type  is  sometimes  called  an  idle  current  wattmeter. 

INDUCTANCE 

RESISTANCE 


Fig.  2.579. — Single  phase  power  factor  meter  of  the  rotating  field  or  disc 

Ques.    Describe  a  single  phase  power 
the  disc  or  rotating  field  type. 

Ans.    It  consists  of  two  pressure  coils,  as 
placed  at  right  angles  to  each  other,  one  being 
a  resistance,  and  the  other  through  an  inductance  so  as  to  *fspli 
the  phase  and  get  the  equivalent  of  a  rotating  magnetic  field. 

The  coils  are  placed  about  a  common  axis,  aloog  which  is  pivoted  an 
iron  disc  or  vane.    The  magnetizing  coils  F6  are  in  series  with  the  load. 

If  the  load  be  very  inductive,  the  coil  M  experiences  very  little  l 
the  system  will  set  itself  as  shown  in  the  figure.  As  the  load' 
inductive,  the  torque  on  S  decreases  and  on  M  inc. 
system  takes  up  a  particular  position  for  every  angle  OI  lag  or 

Ground  Detectors. — Instruments  of  this  name  are  used  for 
detecting  (and  sometimes  measuring)  the  leakage  to  earth  or 
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the  insulation  of  a 
line  or  network  and 
are  sometimes 
called  ground  or 
earth  indicators,  or 
leakage  detectors. 

For  systems  not  perma- 
nently earthed  anywhere, 
these instrument*  are  nearly 
all  bated  on  a  measurement 
of  the  pressure  difference 
between  each  pole  and  earth, 
two  measurements  being  re- 
quired for  two  wire  systems, 
and  three  for   three  wire, 
whether  direct  current  single 
phase, or  polyphase  alternating 
current.  In  the  case  of  dlrectcur- 
rent  systems,  the  insulation.  both 
of  the  network  and  of  the  individual 
Lne*.  can  be  calculated  from  the  read- 
ings, but  with  alternating  current, 
the  disturbance  due  to  capacity  effects  is 
usually  too  great.   In  any  CMN  however, 


Fic.  2,680.— Westinghouse  single  phase  electrostatic  ground  detector. 


the  main  showing  the  smallest  pressure 
difference  to  earth  must  be  taken  as 
being  the  worst  insulated. 

For  low  tension  systems  mov- 
ing, COll  (for  altrrnaling  current) 
or  moving  Iron  instruments 
(/or  direct  current)  are  the 
most  used,  while  for  high  ten- 
sion systems  electrostatic 
voltmeters  are  to  be 
preferred.  On  systems 
having  some  point  per- 
manently earthed  at  the 
station,  as  for  instance  the 
neutral  wire  ot  direct  current 
system,  or  the  neutral  point 
of  a  three  phase  system,  an 
ammeter  connected  in  the 
earth  wire  will  serve  as  a 
rough  guide.  It  should  in- 
dicate no  current  so  long  as 
the  insulation  is  in  a  satis- 
factory state,  but  on  the  oc- 
currence of  an  earth  it  will 
at  once  show  a  deflection. 
The  indications  are,  how- 
ever, often  misleading,  and 
serve  more  as  a  warning  than 

anything  else. 
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Fig.  2.oS2  —T\Suis- Jones  automatic  earth  leakage  cut  out.    It  Is  an  instrument  which  sc 

Protects  a 'direct  current  ariuit  that  the  circuit  is  broken  whenever  a  leak  occurs  from 
either  main  to  earth,  and  so  that  the  circuit  cannot  be  permanently  re-established  until  the 

leak  has  jjcen  removed.  The  instrument  and  its  connections  may  be  explained  by  the 
aid  of  the  accompanying  diagram,  in  which  Ti  and  Tt  represent  the  points  of  connection 
from  the  npfatns.  and  T3  and  T«,  the  points  of  connection  to  the  circuit  to  be  protected.  St 
Si,  and  Siwill  preferably  be  ordinary  tumbled  switches,  but  \hcy  are  dia grammatically 
n  ;.'••--<'•'..!  ,l  j  ;.i,r.  •  -  1  hes,  their  fixed  c.  fr.t.u  ts  being  diagrammatical'v  rt-prrsente-1 
by  dotted  circles.  When  the  three  switches  Si.  S>,  and  Sa  are  closed,  the  current  passes  from 
Ti  to  T3  tn rough  the  small  resistance  Ri,  through  circuit  L  to  T4,  and  back  through  the 
resistance'jR?  to  T2.  In  shunt  with  Ri  and  Rz.  are  the  two  moving  coils  C  and  Cj,  working 
in  the  magnetic  field  of  the  magnets  NS.  NS,  and  rigidly  fixed  on  one  spindle,  which  is 
broken  empirically  by  an  ebonite  block  E.  The  points  of  connection  to  the  shunts  are 
adjusted  so  that  when  the  same  current  passes  out  through  one  and  back  through  the  other, 
the  effect  on  the  two  coils  is  equal  and  opposite,  and  there  is  thus  no  movement. '  Should, 
however,  any  minute  portion  of  the  current  thtough  Ri  leak  to  earth  instead  of  returning 
via  Ri.  th^  balance  is  disturbed,  C  becomes  stronger  than  C5.  the  system  is  deflected,  and 
a  contact  is  made  by  the  arm  A  at  B.  no  matter  in  which  direction  the  coils  deflect;  The 
system  is  similarly  deflected  for  a  leak  on  thejather  lead.  In  the  diagram  these  contacts 
are  shown  at  right  angles  to  their  normal  plane.  »i  As  soon  as  the  contact  is  made,  the  electn>» 
magnet  M  is  energized,  the  arm  of  Si  is  released  and  the  spring  at  6nce  pulls  it  off  its  con- 
tact, at  toe  same  time  breaking  S2.  The  posftions  of  the  blades  when  the  switches  are 
open  arc  shown  dott.-d.  The  only  means  the  Qser  has  of  closing  the  circuit  is  by  putting 
on  S3  by.the  handle  H,  which  is  outside  the  locked  box.  The  first  effect  of  putting  on  Sa 
is  to  break  its  circuit;  it  then  by  means  of  the  slotted  bar  P  begins  topull  on  Si  and  Si.  which 
'  Em  thus  be  closed  again,  and  held  closed  by  the  trigger  as  before.  The  circuit,  is,  however, 
still  broken  till  Sj  is  pushed  back.  Then  if  the  leak  be  still  on,  the  slot  in  P  allows  S» 
and  S2  to  open  at  once  as  before.*  It  is  therefore  impossible  to  keep  the  circuit  closed 
while  the  leak  exists.  The  wdrking  condition  of  the  instrument  can  be  tested  at  any  time 
by  switching  a  lamp  on  in  the  circuit  and  depressing  one  of  the  keys  Kj,  K».  This  short 
circuits  Ri  or  Ri.  throws  the  coils  out  of  balance,  and  the  switch  opens.  The  contact  arm 
is  closed  in  an  inner  dust  tight  case,  and  it  will  be  noted  that  it  makes  contact  only;  the 
lit cak  occurs  at  the  switches,  thu<?  a\Sudrtng  any  sparking.  Since  the  two  coils  work  in  the 
two  gaps  of  one  and  the  same  field,  changes  in  the  strength  of  the  magnets  have  no  effect, 
the  apparatus  is  enclosed, in  a  locked  metallic  box,  and  the  only  parf'to  which  the  user 
 1 th.  hand,**,  acd,  S  desired.  k«y.  K, 
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CHAPTER  LXIII 

WAVE  FORM  MEASUREMENT 


The  great  importance  of  the  wave  form  in  alternating 
current  work  is  never  denied,  though  it  has  sometimes  been 
overlooked.  The  application  of  large  gas  engines  to  the 
driving  of  alternators  operated  in  parallel  requires  an 
accurate  knowledge  of  the  wave  form,  and  a  close  confor- 
mation to  a  sine  wave  if  parallel  operation  is  to  be  satis- 
factory. It  is  also  important  that  the  fluctuations  in  mag- 
netism of  the  field  poles  should  be  known,  especially  if  solid 
steel  pole  faces  be  used. 

If  an  alternator  armature  winding  be  connected  in  delta,  the  presence 
of  a  third  harmonic  becomes  objectionable,  as  it  gives  rise  to  circulating 
currents  in  the  winding  itself,  which  increase  the  heating  and  lowers 
the  efficiency  of  the  machine. 

That  the  importance  of  having  a  good  wave  form  is  being  realized, 
is  proved  by  the  increasing  prevalence  in  alternator  specifications  of  a 
clause  specifying  the  maximum  divergence  allowable  from  a  true  sine 
wave.  It  is  however  perhaps  not  always  realized  that  an  alternator 
which  gives  a  good  pressure  wave  on  no  load  may  give  a  very  bad  one 
under  certain  loads,  and  the  ability  of  the  machine  to  maintain  a  good 
wave  form  under  severe  conditions  of  load  is  a  better  criterion  of  its 
good  design  than  is  the  shape  of  its  wave  at  no  load. 

The  question  of  wave  form  is  of  special  interest  to  the  power  station 
engineer.  Upon  it  depends  the  answer  to  the  questions:  whether  he 
may  ground  his  neutral  wires  without  getting  large  circulating  currents; 
whether  he  may  safely  run  any  combination  of  his  alternators  in  parallel; 
whether  the  constants  of  his  distributing  circuit  are  of  an  order  liable  to 
cause  dangerous  voltage  surges  due  to  resonance  with  the  harmonics 
of  his  pressure  wave;  what  stresses  he  is  getting  in  his  insulation  due 
to  voltage  surges  when  switching  on  or  off,  etc   It  has  been  shown  by 
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Rossler  and  Welding  that  the  luminous  efficiency  of  the  alternating  cur- 
rent arc  may  be  44  per  cent,  higher  with  a  flat  topped  than  with  a 
peaked  pressure  wave,  while  on  the  other  hand  it  is  well  known  that 
transformers  are  more  efficient  on  a  peaked  wave.  Also  the  accuracy 
of  many  alternating  current  instruments  depends  upon  the  wave  shape. 

In  making  insulation  breakdown  tests  on  cables,  insulators,  or 
machinery,  large  errors  may  be  introduced  unless  the  wave  form  at  the 
time  of  the  test  be  known.  It  is  not  sufficient  even  to  know  that  the 
testing  alternator  gives  a  close  approximation  to  a  sine  wave  at  no  load; 
since  if  the  capacity  current  of  the  apparatus  under  test  be  moderately 
large  compared  with  the  full  load  current  of  the  testing  alternator,  the 


Fig  2  583.  -General  Electric  simultaneous  record  of  three  waves  with  common  zero. 

charging  current  taken  may  be  sufficient  to  distort  the  wave  form 
considerably,  thus  giving  wrong  results  to  the  disadvantage  of  either  the 
manufacturer  or  purchaser. 

The  desirability  of  a  complete  knowledge  of  the  manner  in 
which  the  pressure  and  current  varies  during  the  cycle,  has 
resulted  in  various  methods  and  apparatus  being  devised  for 
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obtaining  this  knowledge.  The  apparatus  in  use  for  such  pur- 
pose may  be  divided  into  two  general  classes, 

1.  Wave  indicators; 

2.  Oscillographs. 


Pic.  2.584.  General  Electric  simultaneous  record  of  three  waves  with  separate  zeros. 


and  the  methods  employed  with  these  two  species  of  apparatus 
may  be  described  respectively  as, 

1 .  Step  by  step ; 

2.  Constantly  recording. 

that  is  to  say,  in  the  first  instance,  a  number  of  instantaneous  ^ 
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values  are  obtained  at  various  points  of  the  cycle,  which  are 
plotted  and  a  curve  traced  through  the  several  points  thus 
obtained.  A  constantly  recording  method  is  one  in  which  an 
infinite  number  of  values  are  determined  and  recorded  by  the 
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I 


w\  J  .ft  j 


S270 


FIGS.  2.586  and  2,586.— Oscillograms  (from  paper  by  Morris  and  Catterson-Sraith.  Proc 
I.  E.  E..  Vol.  XXXIII,  page  1,023),  showing  how  the  current  varies  In  one  of  the 
colls  of  a  direct  current  motor.  Fig.  2.585  was  obtained  with  the 
position,  and  fig.  2.586  with  the  brushes  shifted  forward. 


machine,  thus  giving  a  complete  record  of  the  cycle,  leaving  no 
portion  of  the  wave  to  be  filled  in. 

The  various  methods  of  determining  the  wave  form  may  be 
further  classified  as: 
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L  Step  by  step 


Joubert's  method; 
Four  part  commutator  method; 
Modified  four  part  commutator  method; 
Ballistic  galvanometer  method; 
Zero  method; 
,  By  Hospitalier  ondograph. 


Time 


FlG.  2.587. -Oscillogram  by  Bailey  and  Cleghorne  (Proc.  L  E.  E.,  Vol.  XXXVIII).  showing 
the  sparking  pressure  or  pressure  between  the  brush  and  the  commutator  segment  at  the 
moment  of  separation.  The  waves  fall  into  groups  of  three  owing  to  the  fact  that  there 
were  three  armature  coils  in  each  slot. 


2.  Constantly  recording 


by  use  of  various  types 
of    oscillograph,  such 


as 


cathode  ray; 
glow  light; 
moving  iron; 


SINE.  WAVE 
DISTORTED  WAVE 
PEAKED  WAVE. 


Pig.  2.588. — Various  wave  forms.  The  sine  wave  represents  a  current  or  pressure  which  varies 
according  to  the  sine  law.  A  distorted  wave  is  due  to  the  properties  of  the  circuit,  for 
instance,  the  effect  of  hysteresis  in  an  iron  core  introduced  into  a  coil  is  to  distort  the 
current  wave  by  adding  harmonics  so  that  the  ascending  and  descending  portions  may 
not  be  symmetrical.  A  peaked  wave  has  a  large  maximum  as  compared  with  its  virtual 
A  peaked  wave  is  produced  by  a  machine  with  concentrated  winding. 


Joubert's  Method. — The  apparatus  required  for  determining 
the  wave  form  by  this  step  by  step  method,  consists  of  a  gal- 
vanometer, condenser,  two,  two  way  switches,  resistance  and 
contact  maker,  as  shown  in  fig.  2,589. 
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The  contact  maker  is  attached  to  the  alternator  shaft  so  that  it  wiU 
rotate  synchronously  with  the  latter.  By  means  of  the  adjustable 
•  contact,  the  instant  of  "making"  that  is,  of  "closing"  the  testing  circuit 
may  be  varied,  and  the  angular  position  of  the  armature,  at  which  the 
testing  circuit  is  closed,  determined  from  the  scale,  which  is  divided 
into  degrees. 

A  resistance  is  placed  in  series  with  one  of  the  alternator  leads,  such 
that  the  drop  across  it,  gives  sufficient  pressure  for  testing. 


Ques.   Describe  the  method  of  making  the  test. 

Ans.  For  current  wave  measurement  switch  No.  1  is  placed 
on  contact  F,  and  for  pressure  wave  measurement,  on  contact  G, 


Fig.  2,589. — Diagram  illustrating  Joubert'a  step  by  step  method  of  wave  form  measurement. 


switch  No.  2  is  now  turned  to  M  and  the  drop  across  the  resistance 
(assuming  switch  No.  1  to  be  turned  to  contact  F)  measured  by 
charging  the  condenser,  and  then  discharging  it  through  the 
galvanometer  by  turning  the  switch  to  S.  This  is  repeated 
for  a  number  of  positions  of  the  contact  maker,  noting  each 
time  the  galvanometer  reading  and  position  of  the  contact  maker. 
By  plotting  the  positions  of  contact  maker  as  abscissae,  and  the 
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Pic.  2,500. — Four  part  commutator  method  of  wave  form  measurement.  The  contact 
device  consists  of  two  slip  rings  and  a  four  part  commutator.  One  slip  ring  is  connected 
to  one  terminal  of  the  source,  the  other  to  the  voltmeter,  and  the  commutator  to  the 
condenser.  By  adjusting  R  when  a  known  direct  current  pressure  is  impressed  across 
the  terminals,  the  voltmeter  can  be  rendered  direct  reading. 


*1C  3.501. — -Modified  four  part  commutator  method  of  wave  form  measurement 
(Duncan's  modification).  By  this  method  one  contact  maker  can  be  used  for  any  number 
of  waves  having  the  same  frequency.  Electro-dynamometers  are  used  and  the  con- 
nections are  made  as  here  shown.  The  moving  coils  are  connected  in  scries  to  the  contact 
maker,  and  the  fixed  coils  are  connected  to  the  various  sources  to  be  investigated,  then 
ion  will  be  steady  and  by  calibration  with  direct  current  can  be  made  to  read 
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galvanometer  readings  as  ordinates,  the  curve  drawn  through 
them  will  represent  the  wave  form. 

The  apparatus  is  calibrated  by  passing  a  known  constant  current 
through  the  resistance. 

Ballistic  Galvanometer  Method, — This  method,  which  is 
due  to  Rubber,  employs  a  contact  breaker  instead  of  a  contact 


CONTACT 


Fig.  2. .'.02. — Diagram  illustrating  the  ballistic  galvanometer  method  of  wave  form  measure - 
mrat.  The  test  may  be  made  as  described  in  the  accompanying  text,  or  in  case  the  con- 
tact breaker  is  belted  instead  of  attached  rigidly  to  the  shaft,  it  could  be  arranged  to  run 
slightly  out  of  synchronism,  then  by  taking  readings  at  regular  intervals,  points  will  be 
obtained  along  the  curve  without  moving  the  contact  breaker.  If  this  method  be  used, 
a  non -adjustable  contact  breaker  suffices.  In  arranging  the  belt  drive  so  as  to  run 
slightly  out  of  synchronism,  if  the  pulleys  be  of  the  same  size,  the  desired  result  is  obtained 
by  pasting  a  thin  strip  of  paper  around  the  face  of  one  of  the  pulleys  thus  altering  the 
velocity  ratio  of  the  drive  slightly  from  unity. 

maker.  The  distinction  between  these  two  devices  should  be 
noted:  A  contact  maker  keeps  the  circuit  closed  during  each 
revolution  for  a  short  interval  only,  whereas,  a  contact  breaker 
keeps  the  circuit  open  for  a  short  interval  only. 

Fig.  2,502,  shows  the  necessary  apparatus  and  connections  for  applying 
the  ballistic  galvanometer  method.  The  contact  breaker  consists  of  a 
commutator  having  an  ebonite  or  insulating  segment  and  two  brushes 
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In  operation  the  contact  breaker  keeps  the  circuit  closed  during  all 
of  each  revolution,  except  the  brief  interval  in  which  the  brushes  pass 
over  the  ebonite  segment. 

The  contact  breaker  is  adjustable  and  has  a  scale  enabling  its  various 
positions  of  adjustment  to  be  noted. 

Ques.    Describe  the  test. 

Ans.   The  contact  breaker  is  placed  in  successive  positions 


Figs.  2.593  and  2,594. — Two  curve*  representing  pressure  and  current  respectively  of  a  rotary 
converter.  Fig.  2.593.  pressure  wave  V.  fig.  2.594  current  wave  C.  These  waves  were 
obtained  from  a  converter  which  was  being  driven  by  an  alternator  by  means  of  an  inde- 
pendent motor.  The  rotary  converter  was  supplying  idle  current  to  some  unloaded  trans- 
formers and  the  ripples  clearly  visible  in  the  pressure  wave  V,  correspond  to  the  number 
of  teeth  in  the  armature  of  the  rotary  converter. 

and  galvanometer  readings  taken,  the  switch  being  turned  to  F, 
fig.  2,o92,  in  measuring  the  current  wave,  and  to  G  in  measuring 
the  pressure  wave.  The  results  thus  obtained  are  plotted 
giving  respectively  current  and  pressure  waves. 

Ques.    How  is  the  apparatus  calibrated? 

Ans.    By  sending  a  constant  current  of  known  value  through 
the  resistance  R.  Djgitized  by  Qoo^ 
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Zero  Method. — In  electrical  measurements,  a  zero  method 
is  one  in  which  the  arrangement  of  the  testing  devices  is  such  that 
the  value  of  the  quantity  being  measured  is  shown  when  the  gal- 
vanometer needle  points  to  zero. 

In  the  zero  method  either  a  contact  maker  or  contact  breaker 
may  be  used  in  connection  with  a  galvanometer  and  slide  wire 
bridge, 'as  shown  in  figs.  2,595  and  2,596. 


Fig.  2.595. — Diagram  illustrating  zero  method  of  wave  measurement  with  contact  maker 
The  voltage  of  the  battery  must  be  at  least  as  great  as  the  maximum  pressure  to  be 
measured  and  must  be  kept  constant. 


Ques.   What  capacity  of  battery  should  be  used  ? 

Ans.    Its  voltage  should  be  as  great  as  the  maximum  pres- 
sure to  be  measured. 

Ques.   What  necessary  condition  must  be  maintained 
in  the  battery? 

Ans.    Its  pressure  must  be  kept  constant. 

Ques.   How  are  instantaneous  values  measured  ? 

Ans.    The  bridge  contact  A  is  adjusted  till  the  galvanometer  d 
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shows  no  deflection,  then  the  length  AS  is  a  measure  of  the 
pressure. 

The  drop  between  these  points  can  be  directly  measured  with  a  volt- 
meter  if  desired. 

Ques.    How  did  Mershon  modify  the  test? 


Ans.  He  used  a  telephone  instead  of  the  galvanometer  to 
determine  the  correct  placement  of  the  bridge  contact  A. 


flC.  2.596—  Diagram  illustrating  zero  method  of  wave  measurement  with  contact  breaker. 
The  voltage  of  the  battery  must  be  at  least  as  great  as  the  maximum  pressure  to  be 


measured  and  must  be  kept  constant. 

Ques.    How  can  the  instantaneous  values  be  recorded? 

Ans.  By  attaching  to  the  contact  A,  a  pencil  controlled  by 
Sva  electromagnet  arranged  to  strike  a  revolving  paper  card  at 
the  instant  of  no  deflection,  the  paper  being  carried  on  a  drum. 


Hospitalier  Ondograph. — The  device  known  by  this  name 
is  a  development  of  the  Joubert  step  by  step  method  of  wave 
form  measurement,  that  is  to  say,  the  principle  on  which  its 
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action  is  based,  consists  in  automatically  charging  a  condenser 
from  each  100th  wave,  and  discharging  it  through  a  recording 
galvanometer,  each  successive  charge  of  the  condenser  being  auto- 
matically taken  from  a  point  a  little  farther  along  the  wave. 


PlG.  2.597. — Diagram  of  Hospitalier  ondograph  showing  mechanism  and  connections.  It  rep- 
resents  a  development  of  Joubert's  step  by  step  method  of  wave  form  measurement. 

As  shown  in  the  diagram,  fig.  2,597,  the  ondograph  consists  of  a  syn- 
chronous motor  A,  operated  from  the  source  of  the  wave  form  to  be 
measured,  connected  by  gears  B  to  a  commutator  D,  in  such  a  manner 
that  while  the  motor  makes  a  certain  number  of  revolutions,  the  com- 
mutator makes  a  like  number  diminished  by  unity;  that  is  to  say,  if 
the  speed  of  the  motor  be  900  revolutions  per  minute,  the  commutator 
will  have  a  speed  of  899. 
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The  commutator  has  three  contacts,  arranged  to  automatically  charge 
the  condenser  cc'  from  the  line,  and  discharge  it  through  the  galvanom- 
eter E,  the  deflection  of  which  will  be  proportional  to  the  pressure  at 
any  particular  instant  when  contact  is  made. 

In  fig.  2,597,  GG'  are  the  motor  terminals,  HH'  are  connected  to  the 
condenser  cc'  through  a  resistance  (to  prevent  sparking  at  the  com- 
mutator) and  I,  I'  are  the  connections  to  the  service  to  be  measured. 

A  permanent  magnet  type  of  recording  galvanometer  is  employed. 
Its  moving  coil  E  receives  the  discharges  of  the  condenser  in  rapid  suc- 
cession and  turns  slowly  from  one  side  to  the  other. 


PlG.  2.598. — View  of  Hospitalier  ondonraph.  In  operation,  a  long  pivoted  pointer  carrying  a 
pen  and  actuated  by  electromagnets,  records  on  a  revolving  drum  a  wave  form  representing 
the  alternating  current,  pressure  or  current  wave. 


The  movable  part  operates  a  long  needle  (separately  mounted)  carry- 
ing a  pen  F,  which  traces  the  curve  on  the  rotating  cylinder  C.  This 
cylinder  is  geared  to  the  synchronous  motor  to  run  at  such  a  speed  as  to 
register  three  complete  waves  upon  its  circumference. 

By  substituting  an  electromagnetic  galvanometer  for  the  permanent 
magnet  galvanometer,  and  by  using  the  magnet  coils  as  current  coils 
and  the  moving  coil  as  the  volt  coil,  the  instrument  can  be  made  to  draw 

watt  curves.  Fig.  2,598  shows  the  general  appearance  of  the  ondograp^ 
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Cathode  Ray  Oscillograph. — This  type  of  apparatus  for 
measuring  wave  form  was  devised  by  Braun,  and  consists  of  a 
cathode  ray  tube  having  a  fluorescent  screen  at  one  end,  a  small 


Pig.  2.509. — General  Electric  moving  coil  oscillograph  complete  with  tracing  table.  The 

tracing  table  is  employed  for  observing  the  waves,  and  by  using  a  piece  of  transparent 
paper,  the  waves  under  observation  appear  as  a  continuous  band  ot  light  which  can  be 
traced,  thus  making  a  permanent  record.  This  is  not,  however,  to  be  regarded  as  a  record- 
ing attachment,  and  can  not  be  u.sed  where  instantaneous  phenomena  are  being  investi- 
gated. The  synchronous  motor  for  operating  the  synchronous  mirror  in  connection  with 
tracing  and  viewing  attachment  is  wound  for  100  to  115  volts,  25  to  125  cycles,  and  should, 
of  course,  be  run  from  the  same  machine  which  furnishes  power  to  the  circuit  under  observa- 
tion. A  rheostat  for  steadying  and  adjusting  the  current  should  be  connected  in  series 
\\  ith  the  motor.  The  beam  from  the  vibrator  mirrors  striking  this  synchronous  mirror 
moves  back  and  forth  oxer  the  curved  glass,  and  gives  the  length  of  the  wave;  the  move- 
ment of  the  vibrator  mirror  gives  the  amplitude,  and  the  combination  girts  the  mm 
complete.  An  arc  l;imp  or  projection  lantern  produces  the  image  reflected  by  the  mirrors 
upon  the  film,  tracing  table  or  screen.  For  the  rotation  of  the  photographic  film,  a  small 
direct  current  shunt  wound  motor  is  ordinarily  used. 


diaphragm  with  a  hole  in  it  at  its  middle,  and  two  coils  of  a 
few  turns  each,  placed  outside  it  at  right  angles  to  one  another. 

Digitized  by  Google 


WAVE  FORM  MEASUREMENT 


1,853 


These  coils  cam'  currents  proportional  to  the  pressure  and  cur- 
rent respectively  of  the  circuit  under  observation. 

The  ray  then  moves  so  as  to  produce  an  energy  diagram  on 
the  fluorescent  screen. 


Fic.  2  600 — General  Eleotnc  moving  coil  oscillograph.    The  moving  element  ■  consist  oj 
sx%iLe  loots  aj  fiat  wire  carrying  a  small  mirror  and  held  in  tension  by  small  sptral  sprtncx. 

The  current  passing  down  one  side  and  up  the  other,  forces  j:m  side  furward  and  the  other 
backward,  thus  causing  the  mirror  to  vibrate  on  a  vertical  axis    The  vibrator  elements 
fit  into  chambers  between  the  poles  of  electro-magnets,  and  are  adjustable,  so  as  to  move 
the  beam  from  the  mirror,  both  vertically  and  horizontally.    A  sensitized  photographic 
frn  is  wrapped  around  a  drum  and  held  by  sp-mg  clamps.   The  drum,  with  film,  is  placed 
m  a  case  and  a  cap  then  placed  over  the  end.  making  the  case  hght.  when  the  index 
is  either  up  or  down.    The  loading  is  dune  m  a  dark  rum   A  driving  dog  is  screwed  into 
the  dram  shaft,  and  which,  when  the  drum  and  -ase  are  m  place,  revo:  ves  the  film  past  a  slot. 
When  an  exposure  is  to  be  made,  the  index  is  nwed  from  the  closed  position,  thus 
opening  the  slot  in  the  case  and  exposing  the  him  to  the  beam  of  light  from  the  vibrating 
mirrors  when  the  electrically  operated  shutter  is  open.   The  slot  is  then  closed  by  moving 
the  index  to  •'Exposed."   A  slide  with  ground  g^ass  can  be  inserted  in  place  of  the  film 
case  or  roll  bolder  to  arrange  the  optical  system  when  making  adjustments.    The  shutter 
wanting  mechanism  is  arranged  so  as  to  hold  the  shutter  open  dunng  exactly  one  revolu- 
tion of  the  film  drum .  There  are  two  devices  connected  to  the  3hutter  operating  mechanism ; 
one  opens  the  shu'ter  at  the  instunt  the  end  of  fit-  fnm  passes  the  slot;  the  other  opens 
immediately,  at  am  part  of  the  firm,  and  both  give  exj»osnre  during  one  revolution.  The 
first  is  useful  when  making  investigations  in  which  the  events  are  either  recurring,  or  their 
inmgs  known  or  under  control,  and  the  second  when  the  time  of  the  event  is  not 
control,  such  as  the  blowing  of  fuses  or  opening  of  circuit  breakers. 


The  instrument  is  much  used  in  wireless  telegraphy,  as  it  is 
capable  of  showing  the  characteristics  of  currents  of  very  high 
frequency. 
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PlC.  2.G01. — General  Electric  moving  coil  oscillograph  with  case  removed,  showing  iniervw 

construction  and  arrangement  of  parts.  The  oscillograph  is  furnished  complete  with  a  three 
element  electromagnet  galvanometer,  optical  system,  shutter  and  shutter  operating  mech- 
anism, film  driving  motor  and  cone  pulleys,  photographic  and  tracing  attachments,  6  fihn 
holders,  and  the  following  repair  parts,  for  vibrators:  6  extra  suspension  strips;  6  vibrator 
mirrors:  1  box  gold  leaf  fuses;  1  bottle  mirror  cement;  1  bottle  damping  liquid. 


Pig.  2.002. — Oscillogram  showing  the  direct  current  pressure  of  a  25  cycle  rotary  convert** 
(below),  and  (above)  the  pressure  wave  taken  between  one  collector  ring  and  one  com- 
mutator brush.  The  12  ripples  per  cycle  in  the  direct  current  voltage  are  due  to  a  Mi 
narniomc  in  the  alternating  current  supply. 
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Glow  Light  Oscillograph. — This  device  consists  of  two 
aluminum  rods  in  a  partially  evacuated  tube,  their  ends  being 
about  two  millimeters  apart.  When  an  alternating  current  of 
any  frequency  passes  between  them  a  sheath  of  violet  light  forms 
on  one  of  the  electrodes,  passing  over  to  the  other  when  the 
current  reverses  during  each  cycle.  The  phenomenon  may  be 
observed  or  photographed  by  means  of  a  revolving  mirror. 


2,603.  Curves  by  Morns,  illustrating  the  dangerous  rush  of  current  which  may  occur 

when  switching  on  a  transformer.  The  circuit  was  broken  at  F  and  made  again  at  G. 
The  current  was  so  great  as  to  carry  the  spot  of  li^ht  ri«ht  of!  the  photographic  plate  due 
to  the  fact  that  a  residual  field  was  left  in  the  core  after  switching  off.  and  on  closing  the 
switch  again  the  direction  of  the  current  was  such  as  to  tend  to  build  up  the  full  flux  in 
the  same  direction  as  this  residual  flux.  The  dotted  lines  have  been  drawn  in  to  show  how 
the  actual  leaves  were  distorted  from  the  normal. 

Moving  Iron  Oscillograph. — This  type  is  due  to  Blondel, 
to  whom  belongs  the  credit  of  working  out  and  describing  in 
considerable  detail  the  principles  underlying  the  construction 
of  oscillographs. 

The  moving  iron  type  of  oscillograph  consists  of  a  very  thin  vane  of 
iron  suspended  in  a  powerful  magnetic  field,  thus  forming  a  polarized 
magnet.  Near  this  strip  are  placed  two  small  coils  which  carry  the 
current  whose  wave  form  is  to  be  measured. 

The  moving  iron  vane  has  a  very  short  period  of  vibration  and  can 
therefore  follow  every  variation  in  the  current. 
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Attached  to  the  vane  is  a  small  mirror  which  reflects  a  beam  of  light 
upon  some  type  of  receiving  device. 

The  Siemens-Blondel  oscillograph  shown  in  fig.  2,604,  is  of  the  moving 
coil  type,  being  a  development  of  the  moving  iron  principle. 


Moving  Coil  Oscillograph. — The  operation  of  this  form 


of  oscillograph  is  based  on  the  behavior  of  a  movable  coil  in  a 
magnetic  field. 


Pics.  2.605  and  2.606.-  Oscillojirams  reproduced  from  a  paper  by  M.  B.  Field  on  "A  Study 
of  the  Phenomena  of  Resonance  by  the  Aid  of  Oscillograms'*  {Journal  of  E.  VoU 
XXXIl).  The  effect  of  resonance  on  the  wave  forms  of  alternators  has  been  the 
•abject  of  much  investigation  and  discussion;  it  is  a  matter  of  vital  importance  to  the 
engineer  in  charge  of  a  large  alternating  current  power  distribution  system.  Fig.  2,605 
shows  the  pressure  curve  of  an  alternator  running  on  a  length  of  unloaded  cable,  the 
11th  harmonic  being  very  prominent.  Fig.  2.606  shows  the  striking  alteration  produced 
by  reducing  the  length  of  cable  in  the  circuit  and  thus  causing  resonance  with  the  13th 
harmonic. 


It  consists  essentially  of  a  modified  moving  coil  galvanometer  combined 
with  a  rotating  or  vibrating  mirror,  a  moving  photographic  film,  or  a 
falling  photographic  plate.  The  galvanometer  portion  of  the  outfit  is 
usually  referred  to  as  the  oscillograph  as  illustrated  in  figs.  2,608  to 
2,612,  representing  diagrammatically  the  moving  system. 

In  the  narrow  gap  between  the  poles  S,  S  of  a  powerful  magnet  are 
stretched  two  parallel  conductors  formed  by  bending  a  thin  strip  of 
phosphor  bronze  back  on  itself  over  an  ivory  pulley  P.  A  spiral  spring 
attached  to  this  pulley  serves  to  keep  a  uniform  tension  on  the  strips, 
and  a  guide  piece  L  limits  the  length  of  the  vibrating  portion  to  the  part 
actually  in  the  magnetic  field. 
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A  small  mirror  M  bridges  across  the  two  strips  as  shown.  The  effect 
of  passing  a  current  through  such  a  "vibrator  '  is  to  cause  one  of  the 
strips  to  advance  while  the  other  recedes,  and  the  mirror  is  thus  turned 
about  a  vertical  axis. 

Each  strip  of  the  loop  passes  through  a  separate  gap  (not  shown  in 
the  figure).  The  whole  of  the  "vibrator,"  as  this  part  of  the  instrument 
is  called,  is  immersed  in  an  oil  bath,  the  object  of  the  oil  being  to  damp 


Ftc.  2.607. — General  view  of  electro-magnet  form  of  Duddell  moving  coil  oscillograph,  showing 
oil  bath  and  electro-magnet.   This  instrument  is  specially  designed  to  have  a  very  high 

natural  period  of  vibration  (about  jq^jqq  °f  a  second)  so  as  to  be  suitable  for  accurate 

research  work.  It  is  quite  accurate  for  frequencies  up  to  300  per  second.  In  the  figure, 
A  is  the  brass  oil  bath  in  which  two  vibrators  are  fixed;  B,  core  of  electro-magnet  which  is 
excited  by  two  coils,  one  of  which,  C,  is  seen.  The  ends  of  these  two  coils  are  brought 
out  to  four  terminals  at  I),  so  that  the  coils  may  be  connected  in  series  for  '200  volt,  or  in 
parallel  for  100  volt  circuits.  The  bolts,  E.E,  hold  the  oil  bath  in  position  between  the 
poles  of  the  magnet.  F.F.F  (one  not  seen),  are  levelling  screws;  G,G,  terminals  of  uac 
vibrator;  H,  fuse;  K,  thermometer  with  bulb  in  center  of  oil  bath. 
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Figs.  2.608  to  2.612.— Vibrator  of  Duddell  moving  coil  oscillograph  and  section 

bath  of  electromagnet  oscillograph.  The  vibrator  consists  of  a  brass  frame  W,  which  sup- 
ports two  soft  iron  pole  pieces  P,F.  Between  these,  a  long  narrow  groove  is  divided  into  two 
p;irrs  by  a  thin  soft  iron  partition,  which  runs  up  the  center,  TnjB  currrnt  being  lad  in  by 
the  brass  wire  U,  passes  from  an  insulated  brass  plate  to  the  strip,  which  "is  led  over  an 
ivory  guide  block,  down  one  of  the  narrow  grooves  and  over  another  guide  block,  the 
loops  round  the  ivory  pulley  O,  which  puts  tension  on  the  strip  by  the  spring  N,  back 
to  the  guide  block  again,  tip  the  other  narrow  groove,  and  out  by  way  of  the  insulated 
brass  plate  and  lead  U.    Halfway  up  the  grooves  the  center  iron  partition  R  is  partially 


iway  to  permit  of  a  small  mirror  M ,  bridging  across  f rom  one  strip  to  the  other,  being 
stuck  to  the  strips  by  a  dot  of  shellac  at  each  corner.   The  figure  illustrates  one  type  or 
vibrator  in  which  P  is  removable  from  W  for  ease  in  repairing,  ^ln  type  1,  these  pole  pieces 
P.  P  are  not  removable.  The  vibrators  are  placed  side  by  side  in  the  gap  between  the  poles 
S.S  of  the  electromagnet,  see  fig.  2,610.    Each  vibrator  is  pivoted  about  vertical  centers, 
the  bottom  center  fitting  in  the  base  of  the  oil  bath,  and  the  one  at  the  top  being  formed 
by  a  screw  in  the  cock  piece  Y.  It  can  thus  be  easily  turned  in  azimuth,  its  position  being 
"  by  the  adjusting  screw  L.  a  spiral  spring  serving  to  keep  the  vibrator  always  in  con- 
with  this  screw.    Since  each  cock  piece  can  be  independently  moved  forward  or  back- 
I.  each  vibrator  can  be  tipped  slightly  in  either  of  these  directions  so  that  complete 
itrol  over  the  mirrors  is  obtained  and  reflected  spots  of  light  may  be  made  to  coincide 
with  that  reflected  from  the  fixed  zero  mirror,  which  latter  is  fixed  to  a  brass  tongue  in 
between  the  two  vibrators.    A  plano-convex  lens  of  50  cm.  focal  length  is  fixed  on  the 
oil  bath  m  front  of  the  vibrator  mirrors  to  converge  the  reflected  beams  of  light.  It 
will  be  noticed  that  this  lens  is  slightly  inclined  so  that  no  trouble  will  be  given 
by  reflections  from  its  own  surface.    The  normal  distance  from  the  vibrator  mirrors  to 
the  scale  of  photographic  plate  is  50  cm.,  and  at  this  distance,  a  convenient  working  deflec- 
tion on  each  side  of  the  zero  line  is  8  to  4cm.   This  is  obtained  with  a  R.M.S.  current 
through  the  strips  of  from  .<)."•  to  .1  of  an  ampere  a  cording  to  wave  form.  etc.  The 
maximum  deflection  on  each  side  of  the  zero  line  should  not  exceed  Sera,  while  -" 
maximum  R.M.S.  current  through  the  trip,  .hould  fa.  no  c«e  exceed  .1  ampere. 
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the  movement  of  the  strips,  and  make  the  instrument  dead  beat.  It 
also  has  the  additional  advantage  of  increasing  by  refraction  the  move- 
ment of  the  spot  of  light  reflected  from  the  vibrating  mirrors. 

The  beam  of  l  ght  reflected  from  the  mirror  M  is  received  on  a  screen 
or  photographic  plate,  the  instantaneous  value  of  the  current  being  pro- 
portional to  the  linear  displacement  of  the  spot  of  light  so  formed. 

With  alternating  currents,  the  spot  of  light  oscillates  to  and  fro  as  the 
current  varies  and  wou'd  thus  trace  a  straight  line. 

To  obtain  an  image  of  the  wave  form,  it  is  necessary  to  traverse  the 
photographic  plate  or  film  in  a  direction  at  right  angles  to  the  direction 
of  the  movement  of  the  spot  of  light. 


Fi«..  2,618. — Duddell  moving  coll  oscillograph  with  projection  and  tracing  desk  outfit.  Thr 
outfit  is  designed  for  teaching  and  lecture  purposes.  In  operation,  after  the  beam  of  light 
from  the  arc  lamp  has  been  reflected  from  the  oscillograph  mirrors,  it  falls  on  a  vibrating  mirror 
which  gives  it  a  deflection  proportional  to  time  in  a  direction  at  right  angles  to  the  defleetion 
it  already  has  and  which  is  proportional  to  the  current  passing  through  the  oscillograph. 
It  is  therefore  only  necessary  to  place  a  screen  in  the  path  of  the  reflected  beam  of  light  to 
obtain  a  trace  of  the  wave  form.  Since  the  vibrating  mirror  is  vibrated  by  means  of  a  care 
on  the  shaft  of  a  synchronous  motor,  which  motor  is  driven  from,  or  synchronously  with 
the  source  of  supply  whose  wave  form  is  being  investigated,  the  wave  form  is  repeated 
time  after  time  in  the  same  place  on  the  screen,  and  owing  to  the  "persistence"  of  vision, 
the  whole  wave  appears  stationary  on  the  screen.  The  synchronous  motor  with  its  vibrating 
mirror,  mentioned  above,  is  located  underneath  the  "tracing  desk."  When  used  in  thi* 
position  a  wave  a  few  centimeters  in  amplitude  is  seen  through  a  sheet  of  tracing  paper 
which  is  bent  round  a  curved  sheet  of  glass.  A  permanent  record  of  the  wave  form  can 
thus  easily  be  traced  on  the  paper.  A  dark  box  which  is  designed  to  hold  a  sheet  of  sen- 
sitized paper  in  place  of  the  tracing  paper,  can  be  fitted  in  place  of  the  tracing  desk.  Thai 
an  actual  photographic  record  of  the  wave  form  is  obtained.  If  the  synchronous  motor 
be  transferred  from  its  position  underneath  the  tracing  desk  to  the  space  reserved  for  it 
close  to  the  oscillograph,  the  *>cam  of  light  is  then  received  on  a  large  mirror  which  is  placed 
at  an  angle  of  al>out  45  degrees  to  the  horizontal  and  so  projects  the  wave  form  onto  a 
large  vertical  screen  which  should  be  fixed  about  two  and  a  half  meters  distant.  Unde- 
these  conditions  a  wave  form  of  amplitude  50  cm.  each  side  the  zero  line  may  be  obtained 
which  is  therefore  visible  to  a  large  audience. 

Ques.  How  are  the  oscillograms  obtained  in  the 
Duddell  moving  coil  oscillograph? 

Ans.  In  all  cases  the  oscillograms  are  obtained  by  a  spot  of 
light  tracing  out  the  curve  connecting  current  or  voltage  with 
time.    The  source  of  light  is  an  arc  lamp,  the  light  from  which 
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passes  first  through  a  lens,  and  then,  excepting  when  projecting 
on  a  screen,  through  a  rectangular  slit  about  10  mm.  long  by 
1  mm.  wide.  The  position  of  the  lamp  from  the  lens  is  adjusted 
till  an  image  of  the  arc  is  obtained  covering  the  three  (two 
moving,  one  fixed)  small  oscillograph  mirrors.  The  light  is 
reflected  back  from  these  mirrors  and,  being  condensed  by  a 
lens  which  is  immediately  in  front  of  them,  it  converges  till  an 
image  of  the  slit  is  formed  on  the  surface  where  the  record  is 


2,614  and  2.615.— Sectional  view  of  permanent  magnet  form  of  Duddell  moving  coll 

oscillograph.    This  instrument  has  a  lower  natural  period  of  vibration  (3  second) 

than  the  type  shown  in  6r.  2.612,  and  therefore  is  not  capable  of  accurately  following  wave 
forms  of  such  high  frequency,  but  it  is  sufficiently  quick  acting  to  follow  wave  forms  of 
ill  ordinary  frequencies  with  perfect  accuracy.  It  is  easier  to  repair,  and  more  portable, 
owing  to  the  fact  that  the  magnetic  field  is  produced  by  a  permanent  magnet  instead  of 
an  electro-magnet.  This  also  renders  the  instrument  suitable  for  use  on  high  tension 
circuits  without  earth  connection,  as.  owing  to  the  fact  that  no  direct  current  excitation 
is  required,  the  instrument  is  more  easily  insulated  than  other  types. 

desired.  All  that  is  necessary  now  to  obtain  a  bright  spot  of 
light  instead  of  this  line  image  is  to  introduce  in  the  path  of  the 
beam  of  light  a  cylindrical  lens  of  short  focal  length. 

Ques.    What  is  the  function  of  the  mirrors  on  the 
vibrating  vane? 

Ans.    They  simply  control  the  direction  of  a  beam  of  light 
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2.616.  -Diagram  of  connections  of  Duddell  oscillograph  to  high  pressure  circuit.  The 

modification  necessary  for  high  pressure  circuit  only  applies  to  the  vibrator  which  give? 
the  pressure  wave  and  consists  in  adding  two  more  resistances,  R4  and  K».  RefernnK  to 
fig.  2,617.  it  will  he  seen  that  in  case  fuse  U  blow,  or  the  vibrator  be  accidentally  broken, 
the  full  suppl v  voltage  is  immediately  thrown  on  the  instrument  itself.  This  is  n  of  permissible 
in  high  voltage  work  and  therefore  the  resistance  R*  is  introduced  as  a  permanent  shum 
to  the  oscillograph  vibrator.  The  resistance  R«  is  an  exact  duplicate  of  Rj.  being  a  21  ohrr. 
plug  resistance  box  for  adjusting  the  sens 
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practice  R*  is  usually  a  part  of  Ri,  and  in  most  of  the  high  voltage  resistances,  two  taps  are 
brought  out  near  one  end  to  serve  as  R».  One  of  these  tans  is  usually  50  ohms  distant 
from  the  end  terminal  a  r.d  the  other  only  5  ohms  from  the  end.  The  use  of  tlie*e  tnpataas 
follows:  The  large  resistance  consisting  of  Ri  -f  R»  is  so  chosen  with  respect  to  the  voltage 
of  the  circuit  under  investigation  that  the  current  through  Ri  is  about  .1  ampere.  It 
should  never  be  more  than  this  continuously.  Then  R«  is  connected  to  the  50  ohm  tap,  arvi 
since  the  resistance  of  the  oscillograph  vibrator  circuit  is  variable  from  about  5  to  26  OJMt 
by  means  of  Ri.  the  current  can  be  controlled  through  the  oscillograph  from  about  XOT  ■ 
ir-»l  of  an  ampere,  enabling  an  open  wave  form  to  a  convenient  scale  to  be  obtained.  If  it 
now  be  desired  to  record  large  rises  of  pressure,  such  as  may  occur  in  cases  ofreso- 
nance,  the  height  of  the  uave  must  be  reduced  in  order  to  keep  these  rises  on  the  plate.  This  is 
accomplished  by  disconnecting  R«  from  the  50  ohm  tap  and  connecting  it  to  the  5  ohm 
tap.  when  the  current  thr.  >t:i-h  the  vibrator  will  be  from  .05  to  .010  of  an  ampere  according 
to  whether  the  resisl  ancc  R4  is  in  or  out  of  circuit.  When,  instead  of  using  \he  falling  plitt. 
the  <  inemali'uraph  camera  is  being  used,  it  becomes  necessary  always  to  work  on  the  5  o.,m 
tap  since  the  width  of  the  film  is  much  less  than  that  of  the  plate,  and  the  current  mm 
therefore  be  less.  In  experiments  where  sudden  rises  of  voltajie  are  expected  iiu 
often  advisable  to  keep  Ri  as  Rreat  as  possible.  That  end  of  the  resistance  Ri  referred  to  as  R* 
in  the  diagram  should  be  securely  connected  to  the  supply  main  and  no  switch  or  fuse  used. 
A  switch  may,  if  desired,  be  used"  in  series  with  Ri,  provided  it  be  inserted  at  the  point  where 
Ri  joins. the  supply  main  remote  fr<  m  R».  It  will  be  seen  that  fuses  U  and  ft  are  shown. 
1'  ided  that  the  connections  are  always  made  in  accordance  with  the  diagram,  tad  the 
vibrators  are  always  shunted  by  R«  or  Rj  respectively,  there  is  not  much  objection  to  the 
use  of  these  fuses,  but  on  general  principles  it  is  wise  to  avoid  fuses  in  high  tension  work 
and  accordingly  wi'h  each  permanent  magnet  oscillograph,  dummy  fuses  are  tOppjW- 
which  can  be  inserted  in  place  of  the  ordinary  fuses  when  desired.  The  remark  prememmj 
made  about  keeping  both  vibrators  and  the  frame  of  the  instrument  at  approximately  Pie  JJ*« 

pressure  applies  with  additional  emphasis  in  high  pressure  work.  . 
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in  a  horizontal  plane  in  such  a  manner  that  its  deflection  from  a 
zero  position  depends  on  the  current  passing  through  the  in- 
strument, and  it  is  therefore  evident  that  the  oscillograph  is 
not  complete  without  means  of  producing  a  time  scale. 
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Fic.  2.617. — Diagram  of  connections  of  Duddcll  oscillograph  to  low  pressure  circuit,  Ri 
is  a  high  non-inductive  resistance  connected  across  the  mains  in  scries  with  one  of  the 
vibrators.  Si  is  a  switch,  and  ft,  the  fuse  (on  the  oscillograph  in  this  circuit).  The  resistance 
of  Ri  in  ohms  should  be  rather  more  than  ten  times  the  voltage  of  the  circuit,  so  that  a 
current  of  a  little  less  than  .1  of  an  ampere  will  pass  through  it.  The  vibrator  will  then 
give  the  curve  of  the  circuit  on  an  open  scale.  (For  the  projection  oscillograph,  the 
resistance  Ri  should  be  only  twice  the  supply  voltage,  since  .5  of  an  ampere  is  required 
to  give  full  scale  deflection  on  a  large  screen.)  To  obtain  the  current  waveform,  the  shunt 
Ri  is  connected  in  series  with  the  circuit  under  investigation  and  the  second  vibrator  is 
connected  across  this  shunt.  Here  also  fi  is  a  fuse,  Si  a  switch,  and  R«  an  adjustable  resist- 
ance box.  The  switch  St  is  however  unnecessary  if  the  plug  resistance  box  supplied  for 
Rj  be  used,  since  an  infinity  plug  is  included  in  this  box.  The  shunt  Ri  should  have  a  drop  . 
of  about  1  volt  across  it  in  order  to  give  a  suitable  working  current  through  the  vibrator. 
The  resistance  R j  is  not  absolutely  essential,  but  it  is  a  great  convenience  in  adjusting 
thecurrent  through  the  vibrator.  It  is  a  plug  resistance  box.  the  smallest  coil  being  .01  of 
an  ohm  and  the  total  21  ohms.  Being  designed  to  carry  ."»  ampere  continuously  it  can  be 
used  with  any  other  type  of  Duddell  oscillograph,  and  by  its  use  the  sensitiveness  of  the 
vibrator  can  be  adjusted  so  that  a  round  number  of  amperes  in  the  shunt  gives  1  mm. 
deflection.  This  adjustment  is  best  made  with  direct  current.  It  should  be  noted  in 
connecting  the  oscillograph  in  circuit,  that  the  tvo  vibrators  should  be  so  connected  to  the 
circuit  that  it  is  impossible  that  a  hither  pressure  difference  than  f>()  volts  should  exist  between 
one  vibrator  and  the  other,  or  between  either  vibrator  and  the  frame.  To  ensure  attention 
to  this  important  point,  a  brass  strap  is  provided  which  connects  the  two  vibrators 
together  and  to  the  frame  of  the  instrument.  This  does  not  mean  that  this  point  must 
necessarily  be  earthed  since  the  frame  of  the  instrument  is  insulated  from  the  earth.  It 
i.  advisable,  however,  to  earth  it  when  possible. 


1,864 


HAWKINS  ELECTRICITY 


Ques.  How  is 
the  time  scale 
produced  ? 

Ans.   Either  the 
surface  on  which 
the  beam  of  light 
falls  may  be  caused 
to  move  in  a  verti- 
cal plane  with  a 
certain  velocity,  so 
that  the  intersec- 
tion of  the  beam 
and  the  plane  sur- 
face traces  out  a 
curve  connecting 
current  with  time 
(a  curve  which  be- 
comes a  permanent 
record  if  a  sensi- 
tized surface  be 
used);  or,  the  sur- 
face may  remain 
stationary  and  in 
the  path  of  the 
horizontally  vi- 
brating beam  may 
be   introduced  a 
mirror  which  ro- 
tates or  vibrates 
about  a  horizontal 
axis,  thus  superpos- 
ing a  vertical  mo- 
tion proportional 
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to  time  on  the  horizontal  vibration  which  is  proportional  to 
current,  and  causing  the  beam  of  light  to  trace  out  a  curve  con- 
necting current  and  time  on  the  stationary  surface. 

Ques.  What  kind  of  recording  apparatus  is  used  with 
the  Duddell  oscillograph? 


Ans.    A  falling  plate  camera,  or  a  cinematograph  film  camera. 


Pig.  2.620. — Synchronous  motor  with  vibrating  mirror  as  used  with  Duddell  moving  coil  oscil- 
lograph. Since  the  motor  must  run  synchronously  with  the  wave  form  it  is  required 
to  investigate,  it  should  be  supplied  with  current  from  the  same  source.  The  motor  can 
be  used  over  a  wide  range  of  frequencies  (fmtn  20  to  1  JO).  When  working  at  frequencies 
below  40.  it  is  advisable  to  increase  the  moment  of  inertia  of  the  armaturo,  and  for  this 

Eurpose  a  suitable  brass  disc  is  used.  The  armature  carries  a  sector,  which  cuts  off  the 
gkt  from  the  arc  lamp  during  a  fraction  of  each  revolution,  and  a  cam  which  rocks  the  vibrat- 
ing mirror.  It  make*  one  revolution  during  two  complete  periods,  and  the  cam 
end  sector  are  so  arranged  that  during  1^  periods,  the  mirror  is  turning  with  uniform 
jugular  velocity,  while  during  the  remaining  half  period,  the  mirror  is  brought  back 
quickly  to  its  angular  position,  the  light  being  cut  off  by  the  sector  during  this  half  p 
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Ques.  Explain  the  operation  of  the  falling  plate 
camera. 

Ans.  In  this  arrangement  a  photographic  plate  is  allowed 
to  fall  freely  by  the  force  of  gravity  down  a  dark  slide.  At  a 
certain  point  in  its  fall  it  passes  a  horizontal  slit  through  which 
the  beams  of  light  from  the  oscillograph  pass,  tracing  out  the 
curves  on  the  plate  as  it  falls. 

The  mean  speed  of  the  plate  at  the  moment  of  exposure  is  about  13 
feet  per  second.   This  speed  is  very  suitable  for  use  with  frequencies  of 

Figs.  2,621  to  2.623. — Interior  of  cinematograph  camera  as 
d  on  Duddell  moving  coil  oscillograph  for  obtaining 
long  records.   The  loose  aide  of  case  is  shown  removed 

and  one  of  the  reels  which  carry  the  film  lying  in  front. 
The  spool  of  film  which  is  placed  on  the  loose  reel  A, 
passes  over  the  guide  pulley  B.  then  vertically  down- 
ward  between  the  brass  gate  D  (shown  open  in 
th<  >,  and  the  brass  plate  C.  The  exposure 

aperture  is  in  the  plate  C  and  can  be  opened  or 
by  a  shutter  controlled  by  the  lever  M. 
The  groove  in  the  plate  C,  and  the  springs  which 

fT<  ss  the  gate  D  flat  on  the  plate  C,  prevent  the 
ilm  having  any  but  a  vertical  motion  as  it  passes 
the  exposure  slit.    E  is  the  sprocket  drivinR  pulley 
whuh  eni         with  the  perforations  on  the  film 
and  unwinds  it  from  the  reel  A  to  reel  H.  Out- 
sit se  on  the  far  side  of  it  is  secured  to  the 
nxle  Cr  a  three  speed  cone  pulley.    This  is  driven 
a  motor  of  about  if  horse  power,  which  also 
drives,  r.irnu>:h  the  gea  s  shown,  the  sprocket 
pull)     B«    1      e  to  the  trooved  core  pulley  is  a 
lever  c.irrying  a  jockey  pulley  I.,  ana  a  brake, 
which  latter  is  normally  held  onto  the  cone  pulley 
by  a  spring  a*  d  so  causes  the  loose  belt  to  slip.  By 
pressing  a  lever  which  is  attached  to  the  falling 
I  com-,  the  brake  can  be  suddenly  re- 
the  same  time  the  jockey  pull 
cat]  tighten  the  belt  onto  the  grooved  con 
pulley,  BO  that  the  starting  and  stopping  of  the 
ntrolled  independently  of  the  driving 
•  d  being  quickly  accomplished  avoid* 


waste  of  film. 


Both  reels  are  alike  and  each  is 
made  in  two  pieces.  The  upper 
reel  is  loose  on  its  axle  and  its 
motion  is  retarded  slightly  by  a 
friction  brake.  The  lower  reel 
is  also  loose  on  its  axle,  but  it  b 
driven  by  means  of  a  friction 
clutch,  the  clutch  always  rotat- 
ing faster  than  the  reel  so  that 
the  used  film  delivered  by  the 
sprocket  pulley  E  is  wound  ur- 
as  fast  as  delivered.  K  is  the 
front  face  of  one  reel,  the  boss 
on  it  pushes  into  the  tube  oo 
the  other  half  H,  which  tm  ves 
not  only  to  unite  the  two  halves* 
but  also  to  secure  the  end  of  the 
film  which  is  doubled  through  J. 
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from  40  to  GO  periods  per  second.  A  cloth  bag  is  used  to  introduce  the 
plate  to  the  slide, 

A  catch  holds  the  plate  until  it  is  desired  to  let  it  fall.  Inside  the  case, 
is  a  small  motor.  100  or  200  volts  direct  current,  driving  four  mirrors 
which  are  fixed  about  a  common  axis  with  their  planes  parallel  to  it. 


.2.624. —  Portion  of  oscillograph  record  taken  with  cinematograph  film  camera,  showing 
the  rush  of  current  and  sudden  rise  of  voltage  at  th<  mnmrnt  of  suit,  king  on  a  high 
pressure  feeder. 

By  looking  through  a  small  slot  in  the  end  of  the  camera  into  these 
rotating  mirrors,  the  observer  sees  the  wave  form  which  the  oscillograph 
is  tracing  out  and  is  thus  able  to  make  sure  that  he  is  obtaining  the 
particular  wave  form  or  other  curve  desired  before  exposing  the  plate. 


Fig.  2.825. — Portion  of  oscillograph  record  taken  with  a  cinematograph  61m  camera  showing 
the  effect  of  switching  off  a  high  pressure  feeder  and  illustrating  the  violent  fluctu- 
ations produced  by  sparking  at  the  switch  contacts. 

The  plate  falls  into  a  second  red  doth  bag  which  is  placed  on  the 
l*>ttom  of  the  slide.    The  p  ates  used  are  "stereoscopic  size,"  6?^"  X 
(17.1  X  8.3  cm.). 

Ques.    For  what  use  is  the  cinematograph  camera 
adapted  ? 

Ans.    For  long  records. 
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For  instance,  in  investigations,  such  as  observation  on  the  paralleling 
of  alternators,  the  running  up  to  speed  of  motors,  and  the  surges  which 
may  occur  in  switching  on  and  off  cable,  e'.c.  The  cinematograph  camera 
fits  on  to  the  falling  plate  case  and  by' means  of  which  a  roll  of  cinemato- 
graph film  can  be  driven  at  a  uniform  speed  past  the  exposure  aperture, 
enabling  records  up  to  50  metres  in  length  to  be  obtained.  An  interior 
view  of  the  cinematograph  camera  is  shown  in  fig.  2,621. 


—16 


ox>i  0.02  aw 

TIMt  IN  FRACTIONS  OF  A  SECOND 

Fig.  2,626. — Curves  reproduced  from  an  article  by  J.  T.  Morris  in  the  Electrician.  "On  record- 
ing transitory  phenomena  by  the  oscillograph." 


Pig.  2,627. — First  rush  of  current  from  an  alternator  when  short  circuited,  showing  aa 
metrical  initial  wave  of  current,  becoming  symmetrical  after  a  few  cycles.  25  cyde*. 

*?1G#  •  Pressure  wave  obtained  from  narrow  exploring  coil  on  alternator 

indicating  distribution  of  field  flux.    The  terminal  voltagi-  of  the  alternator  is 
a  sign  wave.   60  cycles;  about  17  volts. 
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SOME  OSCILLOGRAPH  RECORDS 


Pic  2,629. — The  waves  of  voltage  and  current  of  an  alternating  arc.  A.  voltage  wave:  B. 
current  wave  showing  low  power  factor  of  the  arc  without  apparent  phase  displacement. 
60  cycles. 

Pic.  2.630. — Rupturing  650  volt  circuit.  A,  current  wave;  B.  25  cycle  wave  to  mark  time  scale- 
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CHAPTER  LXIV 

SWITCHBOARDS 

General  Principles  of  Switchboard  Connections.— The 

interconnection  of  generators,  transformers,  lines,  bus  bars,  and 
switches  with  their  relays,  in  modern  switchboard  practice  is 
shown  by  the  diagrams,  figs.  2,636  to  2,645.  The  figures  being 
lettered  A  to  J  for  simplicity,  the  generators  are  indicated  by 
black  discs,  and  the  switches  by  open  circles,  while  each  heavy 
line  represents  a  set  of  bus  bars  consisting  of  two  or  more  bus 
bars  according  to  the  system  of  distribution.  It  will  be  under- 
stood, also,  in  this  connection,  that  the  number  of  pole  of  the 
switches  and  the  type  of  switch  will  depend  upon  the  particular 
system  of  distribution  employed. 

Diagram  A,  shows  the  simplest  system,  or  one  in  which  a  single 
generator  feeds  directly  into  the  line.  There  are  no  transformers  or 
bus  bars  and  only  one  switch  is  sufficient. 

In  B,  a  single  generator  supplies  two  or  more  feeders  through  a  single 
set  of  bus  bars,  requiring  a  switch  for  each  feeder,  and  a  single  generator 
switch. 

In  C,  two 'generators  are  employed  and  required  and  the  addition  of 
a  bus  section  switch. 

D,  represents  a  number  of  generators  supplying  two  independent 
circuits.  The  additional  set  or  bus  bars  employed  for  this  purpose 
necessitates  an  additional  bus  section  switch,  and  also  additional  selector 
switches  for  both  feeders  and  generators. 

E,  shows  a  standard  system  of  connection  for  a  city  street  railway 
system  having  a  large  number  of  feeders. 
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This  arrange- 
ment allows  any 
group  of  feeders 
to  be  supplied 
from  any  group 
of  generators. 

It  also  permits 
the  addition  of 
a  generator 
switch  for  each 
generator. 

F,  represents 
the  simplest  sys- 
tem with  trans- 
formers. 

It  requires  a 
single  generator 
transformer 
bank,  switch 
and  line.  The 
arrangement  as 
shown  at  F  is 
used  where  a 
number  of 
plants  supply 
the  same  system. 

G,  represen  s 
a  system  having 
more  than  one 
line. 

In  this  case  a 
bus  bar  and 
transformer 
switch  is  used 
on  the  high  ten- 
sion side. 

H,  shows  a 
number  of  gen- 
erators con- 
nected to  a  set 
of  low  tension 
bus  bars  through 
generator 
switches,  and 
employing  a  low 
tension  trans- 
former switch. 
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I,  shows  the  connections  of  a  system  having  a  large  number  of  feeders 
supplied  by  several  small  generators.  In  this  case,  the  plant  is  divided 
into  two  parts,  each  of  which  may  be  operated  independently. 

J,  represents  the  arrangement  usually  employed  in  modern  plants 
where  the  generator  capacity  is  large  enough  to  permit  of  a  generator 
transformer  unit  combination  with  two  outgoing  lines.    By  operating 


Pig.  2,647. — General  Electric  small  plant  alternating  current  switchboard,  designed  <f 

use  in  small  central  stations  and  isolated  plants.  They  arc  for  use  with  one  set  of  bus  bars,  ta 
which  all  generators  and  feeders  are  connected  by  means  of  single  throw  lever  switches  »f 
circuit  breakers,  suitable  provision  being  made  for  the  parallel  operation  of  the  generate^ 

in  parallel  on  the  high  tension  side  only,  any  generator  can  be  run  w.tlj 
any  transformer.  The  whole  plant  can  be  run  in  parallel,  or  the  t\*3 
parts  can  be  run  separately. 
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Switchboard  Panels. — The  term  "panel"  means  the  slab 
of  marble  or  slate  upon  which  is  mounted  the  switches,  and  the 
indicating  and  controlling  devices.  There  are  usually  several 
panels  comprising  switchboards  of  moderate  or  large  size,  these 
panels  being  classified  according  to  the  division  of  the  system 
that  they  control,  as  for  instance: 


Pic.  2,648. — C rouse-Hinds  voltmeter  and  ground  detector  radial  switch,  arranged  for 

mounting  on  the  switchboard.  The  switch  proper  is  placed  on  the  rear  of  the  board  with 
hand  wheel,  dial,  and  indicator  only  on  the  front  side.  The  current  carrying  parts  are  of 
hard  brass,  with  contact  surfaces  machined  after  assembling.  The  contact  parts  are  of 
the  plunger  spring  type,  and  the  cross  bar  has  fuse  connections.  Ground  detector  circuits 
are  marked  G  -+-  and  G  —  for  two  wire  svstem,  and  G4-,  G  — ,  GN  -f,  and  GN  —  for  three 
wire  system.  When  the  voltmeter  switch  is  to  be  used  as  a  ground  detector,  two  circuits 
are  required  for  a  two  wire  svstem,  and  four  circuits  for  a  three  wire  system,  that  is,  a  six 
circuit  voltmeter  and  ground  detector  switch  for  use  on  a  two  wire  system  has  two  circuits 
for  ground  detector  and  four  circuits  for  voltmeter  readings.  A  six  circuit  voltmeter  and 
ground  detector  switch,  for  use  on  a  three  wire  system,  has  four  circuits  for  ground  de- 
tector and  two  circuits  for  voltmeter  readings. 
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1.  Generator  panel ; 

2.  Feeder  panel; 

3.  Regulator  panel,  etc.  , 

In  construction,  the  marble  or  slate  should  be  free  from  metallic 
veins,  and  for  pressures  above,  say,  600  volts,  live  connections,  terminals, 
etc.,  should  preferably  be  insulated  from  the  panels  by  ebonite,  mica, 
or  removed  from  them  altogether,  as  is  generally  the  case  with  the  alter- 
nating gear  where  the  switches  are  of  the  oil  type. 


Figs.  2,640  and  2,650, — Wiring  diagrams  of  Crouse-Hinds  voltmeter  and 
switches.    Fig.  2,**9  voltmeter  switch;  fig.  2,650  voltmeter  and  ground 
A  view  of  the  switch  is  shown  in  fig.  2,648;  it  is  designed  for  use  on  two  or 
systems  up  to  300  volts. 


det**** 


The  bus  bars  and  connections  should  be  supported  by  the  framework 
at  the  back  of  the  board,  or  in  separate  cells,  and  the  instruments  should 
be  operated  at  low  pressure  through  instrument  transformers. 

The  panels  are  generally  held  in  position  by  bolting  them  to  an  angle 
iron,  or  a  strip  iron  framework  behind  them. 
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Generator  Panel. — This  section  of  a  switchboard  carries  the 
instruments  and  apparatus  for  measuring  and  electrically  con- 
trolling the  generators.  On  a  well  designed  switchboard  each 
generator  has,  as  a  rule,  its  own  panel. 


W 

OOVtRMORCWTROt 

H  jTCK 


.  2.651  to  2.653. — Diagrams  of  connections  for  generator  panels.  Key  to  symbols:  A. 
ammeter;  A.S.,  ammeter  switch;  C.T.,  current  transformer;  F.,  fuse;  F.A.,  direct 
t  field  ammeter;  F.S.,  field  switch;  G.C.S..  governor  control  switch;  L.S., 
switch  (included  with  governor  motor);  O.S.,  oil  switch;  P.I.W.,  polyphase  indi- 
cating wattmeter;  P.W.M.,  polyphase  watthour  meter;  P. R.,  pressure  receptacle;  P.P., 
pressure  plug;  Rheo. t^eostat^S^  shunt ;  S.R.,^  jj^^kromzmg^^ 
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PiCS.  2,854  and  2,656. — Diagrams  illustrating  a  simple  method  of  determining  bus  capac- 
ity as  suggested  by  the  General  Electric  Co.  Fig.  2,654  relates  to  any  panel;  the  method  is 
as  follows:  1.  Make  a  rough  plan  of  the  entire  board,  regardless  of  the  number  of  panels 
to  be  ordered.  The  crder  of  panels  shown  is  recommended,  it  being  most  economical  of 
copper  and  best  adapted  to  future  extensions.  2.  To  avoid  confusion  keep  on  one  side 
of  board  everything  pertaining  to  exciter  buses,  and  on  other  side  everything  pertaining 
to  A.  C.  buses.  3.  With  single  lines  represent  the  exciter  and  A.  C.  buses  across  such 
panels  as  they  actually  extend  and  by  means  of  arrows  indicate  that  portion  of  each  bos 
which  is  connected  to  feeders  and  that  portion  which  is  connected  to  generators.  Remember 
thai  "Generator"  and  "Feeder"  arrcrxs  must  always  point  Inward  each  other,  otherwise  the 
rules  given  below  do  not  hold.  Note  also  that  the  field  circuits  of  alternator  panels  are 
treated  as  D.  C.  feeders  for  the  exciter  bus.  4.  On  each  panel  mark  its  ampere  rating, 
that  is,  the  maximum  current  it  supplies  to  or  takes  from  the  bus.  For  A.  C.  alternator  pane!  s 
the  D.  C.  rating  is  the  excitation  of  the  machines.  5.  Apply  the  following  rules  consecutively, 
and  note  their  application  in  fig.  2.6V4.  (For  the  sake  of  clearness  ampere  ratings  are 
shown  in  light  face  type  and  bus  capacities  in  large  type.)  A.  Always  begin  with  the  tai.' 
of  the  arnruf  and  treat  "generator"  and  "feeder"  sections  of  the  bus  separately.  B.  3ms 
capacity  for  first  panel  =  ampere  rating  of  panel.  C.  Bus  capacity  for  each  succeeding  panel » 
ampere  rating  of  panel  plus  bus  capacity  for  preceding  panel.  (See  sums  marked  above  the 
buses  in  fig.  2,654.)  D.  F  ir  a  panel  not  connected  to  a  bus  extending  across  it,  use  the  smaller 
x  i-Aue  of  the  bus  capacities  already  obtained  for  the  two  adjoining  panels.  (See  exciter  bus  for 
panel  C.)  E.  The  bus  capacity  for  any  feeder  panel  need  not  exceed  the  maximum  for  the 
generator  panels  (see  A.  C.  bus  for  panel  G)  and  vice  versa  (see  exciter  bus  for  panel  B>. 
Hence  the  corrections  made  in  values  obtained  by  applying  rules  B  and  C.  The  arrartge- 
ment  of  panels  shown  in  fig.  2,651  is  the  one  which  is  mostly  used.  The  above  metb-xi 
may,  however*  be  applied  to  other  arrangements,  one  of  which  is  shown  i-i  fig.  2.655. 
Hire  the  generators  must  feed  both  ways  to  the  feeders  at  either  end  of  the  board  so  that 
in  determining  A.  C.  bus  r.ip.n  1 1 u  s  it  is  necessary  to  first  consider  the  generators  wr.h  the 
feeders  at  one  end,  and  then  with  the  feeders  at  the  other  end  as  shown  by  the  dotted  A.  C 
buses.  The  required  bus  capacities  are  then  obtained  by  taking  the  maximum  values  for 
the  two  cases. 
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In  the  case  of  a  dynamo,  a  good  representative  panel  would 
have  mounted  upon  it  a  reverse  current  circuit  breaker,  an  am- 
meter, a  double  pole  main  switch  (or  perhaps  a  single  pole 
switch,  since  the  circuit  breaker  could  also  be  used  as  a  switch) 
a  double  pole  socket  into  which  a  plug  could  be  inserted  to  make 
connection  with  a  voltmeter  mounted  on  a  swinging  bracket  at 
the  end  of  the  board;  a  rheostat  handle,  the  spindle  of  which 
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tj  r-  *>  MR  End  view  showing  general  arrangement  of  switchboards  for  240,  480  and  000 

roltaKcrnating  current.  The  cut  shows  a  single  throw  oil  switch  mounted  on  the  pan* 
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operates  the  shunt  rheostat  of  the  machine,  the  rheostat  being 
placed  either  directly  behind  the  spindle,  if  of  small  size,  or  lower 
down  with  chain  drive  from  the  hand  wheel  spindle,  if  of  larger 
size,  a  field  discharge  switch  and  resistance,  a  lamp  near  the  top 
of  the  panel  for  illumintaing  purposes,  a  fuse  for  the  voltmeter 
socket,  and,  if  desired,  a  watthour  meter.     If  the  dynamo  be 

compound  wound,  the 
equalizing   switch  will 
generally  be  mounted 
on  the  frame  of  the 
machine,  and  in  some 
cases  the  field  rheostat 
will  be  operated  from  a 
pillar  mounted  in  front 
of  the  switchboard  gal- 
lery.   If  the  generator 
be  for  traction  purposes, 
the  circuit  breaker  is 
more  often  of  the  max- 
imum current  type,  and 
a  lightning  arrester  is 
often  added,  without  a 
choke  coil,  the  latter  as 
well  as  further  lightning 
arresters  being  mounted 
on  the  feeder  panels. 


In  the  case  of  a  high 
pressure  alternating  cur- 
rent plant  of  consider- 
able size,  the  bus  bar* 
oil  switches,  and  the 
current    and  pressure 
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Pics.  2.6o7  and  2.658.- 

showing  general  arrangement  of  the  devices 
thereon.  A.  circuit  breaker;  B,  ammeter;  C,  voltmeter; 
D,.  switches. 


-Two  views  of  a  feeder  panel, 
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transformers  are  generally  mounted  either  in  stoneware  cells,  or 
built  on  a  framework  in  a  space  guarded  by  expanded  metal 
walls,  and  no  high  pressure  apparatus  of  any  sort  is  brought 
on  to  the  panels  themselves. 


Pigs.  2,659  to  2.666. — Diagram  of  connections  for  three  phase  feeder  panels.  Key  to  symbols: 
A.  ammeter;  A.S.,  three  way  ammeter  switch;  B  A  S.,  bell  alarm  switch;  C.T..  current 
transformer;  P,  fuse;  O.S.,  oil  switch;  P.I.W.,  polyphase  indicating  wattmeter;  P.W.M.. 
polyphase  watthour  meter;  T.B.,  terminal  board;  T.C..  trip  coils  for  oil  switch. 

Feeder  Panel. — The  indicating  and  control  apparatus  for 
a  feeder  circuit  is  assembled  on  a  panel  called  the  feeder  panel. 

The  most  common  equipment  in  the  case  of  a  direct  current 
feeder  panel  comprises  an  ammeter,  a  double  pole  switch,  and 
double  pole  fuses  or  instead  of  the  fuses,  a  circuit  breaker  on  one 
or  both  poles;  in  the  case  of  a  traction  feeder  a  choke  coil  and 
a  lightning  arrester  are  often  added. 
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PlCS.  2,667  and  2. —  Diagrams  of  connections  for  two  phase  and  three  phase  installation*: 
A  and  A  1.  ;iri;:n.  t.  r;  (  .<'..<  •  -r^r .it; t  currrnt  transformer;  C.T..  current  transformer;  D.R.. 
discharp..'  r.-sist;i r;.-t-;  F.  h:  v.  I.S..  {u-M  s^s:i<  h;  L.A..  lightning  arrester;  O.S.,  oil  switch: 
P.P..  pn  sure  i-h^:.  P  R.,  t>r<  .sure  rrveptacle;  1>.T.,  pressure  transformer;  S  and  SI.  plus 
switches;  T.C.,  oil  switch  trip  coil:  V,  voltmeter. 
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The  equipment  of  a  typical  high  pressure  three  phase  feeder 
panel  is  an  ammeter  (sometimes  three  ammeters,  one  in  each 
phase)  operated  by  a  current  transformer,  and  oil  break  switch  with 
two  overload  release  coils,  or  three  if  the  neutral  of  the  circuit 
be  earthed,  the  releases  being  operated  by  current  transformers. 


Fig.  2.600. — Crouse-Hinds  radial  ammeter  switch,  arranged  for  mounting  directly  on  the 
switchboard.  It  is  designed  for  use  with  external  shunt  ammeters  of  any  make  or  capacity, 
and  in  connection  with  the  required  number  of  shunts,  makes  possible  the  takingof  current 
readings  of  a  corresponding  number  of  circuits  by  means  ot  one  ammeter.  The  wiring 
diagram  is  shown  in  fig.  2,670. 

The  switch  when  on  a  large  system  is  often  in  a  cell  some 
distance  behind  the  panel,  and  is  then  controlled  by  a  system  of 
evers,  or  by  a  small  motor  which  is  started  and  stopped  by  a 
hrow  over  switch  on  the  panel,  in  which  case  there  is  generally 
.  lamp  or  lamps  on  the  panel  to  show  whether  the  switch  is  open 
tr  closed. 
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Air  brake  switches  or  links  are  placed  between  the  bus  bars  and  the  oil 
switch  to  allow  of  the  latter  being  isolated  for  inspection  purposes,  and  as  a 
general  rule  no  apparatus  carrying  high  pressure  current  is  allowed  on  the 
front  of  the  panel.  With  both  direct  and  alternating  current  feeders,  a 
watthour  meter  is  often  added  to  show  the  total  consumption  of  the  circuit. 

A  typical  three  phase  generator  panel  is  provided  with  three  ammeter?, 
one  in  each  phase,  operated  from  three  current  transformers,  one  to  each 
ammeter,  a  volt  meter,  a  power  factor  indicator,  and  an  indicating 
watthour  meter,  all  operated  from  one  or  more  pressure  transformers, 
and  the  necessary  current  transformers,  the  operating  handle  of  the  oil 
switch,  which  is  connected  to  the  switch  itself  by  means  of  rods,  two 
maximum  releases  operated  by  current  transformers,  or  a  reverse  relay 


Pig.  2,070. — Wiring  diagram  for  C rouse-Hinds  radial  ammeter  switch  as  illustrated  in  fig.  2.669. 
The  switch  proper  is  on  the  rear  of  the  switchboard,  and  the  hand  wheel  dial  and  indicator 
on  the  front. 

for  automatically  tripping  the  switch,  lamps  for  indicating  when  the 
switch  it  tripped,  a  socket  for  taking  the  plug  which  makes  connection 
between  the  secondary  of  a  pressure  transformer  and  the  synchronizer 
on  the  synchronizing  panel,  and  a  lamp  for  iUuminating  purposes, 
while  on  the  base  of  the  panel  or  on  a  pillar  at  the  front  of  the  gallery  is 
mounted  the  gear  for  the  field  circuit.  This  consists  of  a  double  pole 
field  switch  and  a  discharge  resistance,  an  ammeter,  a  handle  for  the 
rheostat  in  the  generator  field,  and  (if  each  alternator  have  its  own  direct 
coupled  exciter)  possibly  also  a  small  rheostat  for  the  exciter  field. 


NOTE. — In  some  cases  where  the  capacity  of  the  plant  is  not  very  great,  the  oil  switch  k 
mounted  on  the  back  of  the  panel,  and  the  bus  bars,  current  transformers.  Ac,  on  the  framework. 
al9o  just  at  the  back  of  the  panel,  but  under  no  circumstances,  in  good  modem  practice,  is  high 
pressure  apparatus  permitted  on  the  fmnt  of  the  board.  Where  the  capacity  of  the  pi  ant  is  very 
large,  the  oil  switches  are  operated  electrically  by  means  of  small  motors,  and  in  this  case  the 
small  switch  gear  for  starting  and  stopping  this  motor  is  mounted  on  the  generator  panel,  also  the 
lamp  or  lamps  to  indicate  when  the  switch  is  open,  and  when  closed. 
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CHAPTER  LXV 

ALTERNATING  CURRENT  WIRING 

In  the  case  of  alternating  current,  because  of  its  peculiar 
behaviour,  there  are  several  effects  which  must  be  considered  in 
making  wiring  calculations,  which  do  not  enter  into  the  problem 
with  direct  current. 

Accordingly,  in  determining  the  size  of  wires,  allowance  must 
be  made  for 

1.  Self-induction; 

2.  Mutual-induction; 

3.  Power  factor; 

4.  Skin  effect; 

5.  Corona  effect; 

6.  Frequency; 

7.  Resistance. 

Most  of  these  items  have  already  been  explained  at  such  length,  that 
only  a  brief  summary  of  facts  need  be  added,  to  point  out  their  connec- 
tion and  importance  with  alternating  current  wiring. 

Induction. — The  effect  of  induction,  whether  self-induction 
or  mutual  induction,  is  to  set  up  a  back  pressure  of  spurious 
resistance,  which  must  be  considered,  as  it  sometimes  materially 
affects  the  calculation  of  circuits  even  in  interior  wiring. 


Self-induction  is  the  effect  produced  by  the  action  of  the  electric  current 
upon  itself  during  variations  tn  strength. 
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Ques.  What  conditions  besides  variations  of  current 
strength  governs  the  amount  of  self-induction  in  a  circuit? 

Ans.  The  shape  of  the  circuit,  and  the  character  of  the  sur- 
rounding medium. 

If  the  circuit  be  straight,  there  will  be  little  self-induction,  but  if 
coiled,  the  effect  will  become  pronounced.  If  the  surrounding  medium 
be  air,  the  self-induction  is  small,  but  if  it  be  iron,  the  self-induction  is 
considerable. 


WITH  PHtSSWRt 


HIGHLY  JHOUCTlVt  CIRCUIT 

Pigs.  2,671  to  2.676. — The  effect  of  self-induction.  In  a  non-inductive  circuit,  as  in 
fig.  2,67&  the  whole  of  the  virtual  pressure  is  available  to  cause  current  to  flow  thrrourfc 
the  lamp  fiUment.  hence  it  will  glow  with  maximum  brilliancy.  If  an  inductive  coil  V* 
inserted  in  the  circuit  as  in  n«.  2,(174,  the  reverse  pressure  due  to  self-induction  will  o^  w 
the  virtual  pressure,  henc  e  the  effective  pressure  (which  is  the  difference  between  the 
virtual  and  reverse  pressures),  will  be  reduced  and  the  current  flow  through  the  Limp 
diminished,  thus  reducing  the  brilliancy  of  the  illumination.  The  effect  may  be  inten- 
sified to  such  degree  by  interposing  an  iron  core  in  the  coil  as  in  fig.  2.676,  as  to  extinguish 
the  lamp. 

Ques.  With  respect  to  self-induction,  what  method 
should  be  followed  in  wiring? 

Ans.  When  iron  conduits  are  used,  the  wires  of  each  circuit 
should  not  be  installed  in  separate  conduits,  because  such  arrange- 
ment will  cause  excessive  self-induction. 


The  importance  of  this  may  be  seen  from  the  experience  of 
tractor,  who  installed  feeders  and  mains  in  separate  iron  pipes.  When 
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the  current  was  turned  on,  it  was  found  that  the  self-induction  was  so 
great  as  to  reduce  the  pressure  to  such  an  extent  that  the  lamps,  instead 
cf  giving  full  candle  power,  were  barely  red.  This  necessitated  the 
removal  of  the  feeders  and  main  and  re-installing  them,  so  that  those  of 
the  same  circuit  were  in  the  same  pipe. 

Ques.   What  is  mutual  induction? 

Ans.    Mutual  induction  is  the  effect  of  one  alternating  current 
n  another. 


circuit  ui 


VOLTHCTt* 


SWITCH 


R£Sl  STANCE. 

WWW 

R 


mOUCTAMCE 
Xi 


BATTERY 


Fro.  2,677. — Measurement  of  self  induction  when  the  frequency  is  known.  The  apparatus 
required  consists  of  a  high  resistance  or  electrostatic  a.t\  voltmeter,  d.c.  ammeter,  and 
a  non-inductive  resistance.  Connect  the  inductive  resistance  to  be  measured  as  shown, 
and  close  switch  M,  short  circuiting  the  ammeter.  Connect  alternator  in  circuit  and 
measure  drop  across  R  and  across  ^C;.  Disconnect  alternator  and  connect  b  .ttery  in 
circuit,  then  open  switch  M  and  vary  the  continuous  current  until  the  drop  across  R  is 
the  same  as  with  the  alternating  current,  both  measurements  being  made  with  the  same 
voltmeter;  read  ammeter,  and  measure  drop  across  Xj.  Call  the  drop  across  X»  with 
alternating  current  E,  and  with  direct  current  Ei,  and  the  reading  of  the  ammeter  J. 

L  -=  V  E*  4-  E*  +  2rf  I.    If  the  resistance  X»  be  known,  and  the  ammeter  be  suit- 


able for  use  with  alternating  current,  the  switch  and  R  may  be  dispensed  with.  Then 
L  -  Ve*  -  X3  I*  +  2  t  /  I,  where  I{  is  the  value  of  the  alternating  current.  The  resist- 
ance of  the  voltmeter  should  be  high  enough  to  render  its  current  negligible  as  compared 
with  that  through  XI 

Ques.   How  is  it  caused? 

Ans.    It  is  due  to  the  magnetic  field  surrounding  a  conductor 
cutting  adjacent  conductors  and  inducing  back  pressures  therein. 
This  effect  as  a  rule  in  ordinary  installations  is  negligible. 
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Transpositions. — The  effect  of  mutual  induction 
two  circuits  is  proportional  to  the  inter-linkage  of  the  magnetic 
fluxes  of  the  two  lines.  This  in  turn  depends  upon  the  proximity 
of  the  lines  and  upon  the  general  relative  arrangement  of  the 
conductors. 
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Fig.  2,678. — Transposition  diagram  for  two  parallel  lines  consisting  of  two  wires 
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Pig.  2.679. — Transposition  diagram  for  three  phase,  three  wire  line,  transposing  at  the  vertices 
of  an  equilateral  triangle.    The  line  is  originally  balanced  and  becomes 
transposing,  a  procedure  which  should  be  resorted  to  only  to 


Pig.  2 


— Transposition  diagram  of  three  phase,  three  wire 
t  line. 


The  inductive  effect  of  one  line  upon  another  is  equal  to  the 
algebraic  sum  of  the  fluxes  due  to  the  different  conductors  of  the 
first  line,  considered  separately,  which  link  the  secondary  line. 
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The  effect  of  mutual  induction  is  to  induce  surges  in  the  line 
where  a  difference  of  frequency  exists  between  the  two  currents, 
and  to  induce  high  electrostatic  charges  in  lines  carrying  little 
or  no  current,  such  as  telephone  lines. 
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This  effect  may  be  nullified  by  separating  the  lines  and  by 
transposing  the  wires  of  one  of  the  lines  so  that  the  effect  pro- 
duced in  one  section  is  opposed  by  that  in  another.  Of  two 
parallel  lines  consisting  of  two  wires  each,  one  may  be  trans- 
posed to  neutralize  the  mutual  inductance. 

Fig.  2,678  shows  this  method.  The  length  L'  should  be  an  even  factor 
of  L  so  that  to  every  section  of  the  line  transposed  there  corresponds  an 
opposing  section. 
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INFINITESIMAL  LLNGTHS 
OF  TRANSMISSION  LINE. 

INFINITESIMAL  CONDENSERS 
CONNECTED  IH  STAR 

Fig.  2,681. — Capacity  effect  in  single  phase  transmission  line.  The  effect  is  the  same  as  would 
be  produced  by  shunting  across  the  line  at  each  point  an  infinitesimal  condenser  having  a 
capacity  equal  to  that  of  an  infinitesimal  length  of  circuit.  For  the  purpose  of  calcuiatm.: 
the  charging  current,  a  very  simple  and  sufficiently  accurate  method  is  to  determine  the 
current  taken  by  a  condenser  having  a  capacity  equal  to  that  of  the  entire  line  whrr. 
charged  to  the  pressure  on  the  line  at  the  generating  end.  The  effect  of  capacity  of  the 
line  is  to  reduce  the  pressure  drop,  that  is,  improve  the  regulation,  and  to  decrease  or 
increase  the  power  loss  depending  on  the  load  and  power  factor  of  the  receiver. 

Fig.  2,082. — Capacity  effect  in  a  three  phase  transmission  line.  It  is  the  same  as  would  be 
produced  by  shunting  the  line  at  each  point  by  three  infinitesimal  condensers  connecte-J 
in  star  with  the  neutral  point  grounded,  the  capacity  of  each  condenser  being  twice  that 
of  a  condenser  of  infinitesimal  length  formed  by  any  two  of  the  wires.  The  effect  of  capacity 
on  the  regulation  and  efficiency  of  the  line  can  be  determined  with  sufficient  accuracy  \z\ 
most  cases  by  considering  the  line  shunted  at  each  end  by  three  condensers  connected  in 
star,  the  capacity  of  each  condenser  being  equal  to  that  formed  by  any  two  wires  of  the 
line.  An  approximate  value  for  the  charging  current  per  wire  is  the  current  required  to 
charge  a  condenser,  equal  in  capacity  to  that  of  any  two  of  the  wires,  to  the  pressure  at 
the  generating  end  of  the  line  between  any  one  wire  and  the  neutral  point. 

The  self  inductance  of  lines  is  readily  calculated  from  the  following 
formula: 

L  =  .000558  {  2.303  log  (2  A -J-  d)  +  .25  }  per  mile  of  circuit 
where 

L  =  inductance  of  a  loop  of  a  three  phase  circuit  in  henrys. 

Nott. — The  inductance  of  a  complete  single  phase  circuit  -  L  X  2  +  V£ 
A  =  distance  between  wires; 
d  ■  diameter  of  wire. 
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Capacity. — In  any  given  system  of  electrical  conductors,  a 
pressure  difference  between  two  of  them  corresponds  to  the 
presence  of  a  quantity  of  electricity  on  each.    With  the  same 
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charges,  the  difference  of  pressure  may  be  varied  by  varying  the 
geometrical  arrangement  and  magnitudes  and  also  by  intro- 
ducing various  dielectrics.  The  constant  connecting  the  charge 
and  the  resulting  pressure  is  called  the  capacity  of  the  system. 

All  circuits  have  a  certain  capacity,  because  each  conductor  acts  like 
the  plate  of  a  condenser,  and  the  insulating  medium,  acts  as  the  dielec- 
tric.   The  capacity  depends  upon  the  insulation. 

For  a  given  grade  of  insulation,  the  capacity  is  proportional  to  the 
surface  of  the  conductors,  and  universally  to  the  distance  between  them. 

A  three  phase  three  wire  transmission  line  spaced  at  the  comers  of  an 
equilateral  triangle  as  regards  capacity  acts  precisely  as  though  the 
neutral  line  were  situated  at  the  center  of  the  triangle. 

The  capacity  of  circuits  is  readily  calculated  by  applying  the  following  formulae: 

c  ~  P«r  mile,  insulated  cable  with  lead  sheath; 

log  (D  -rd) 

C  -  3fog^4^..|j)        mile,  single  conductor  with  earth  return; 
19.42  X  10"1 

C  —  ]Qg  ^2  A  +dj  ****  m''C  °'  P*1*^*'  conduct°r8  forming  metallic  circuit; 

in  which 

C  —  Capacity  in  micro-farads;  for  a  metal-   I   D  =  Inside  diameter  of  lead  sheath; 

he  circuit,  C  **  capacity  between  wires;      d  —  Diameter  of  conductor; 
sc  =  Specific  inductive  capacity  of  insulating      h  —  Distance  of  conductors  above  ground; 


material;  -  1  for  arc.  and  2.25  ti  3.7      A  -  Distance  between 
for  rubber; 

Frequency. — The  number  of  cycles  per  second,  or  the  fre- 
quency, has  a  direct  effect  upon  the  inductance  reactance  in  an 
alternating  current  circuit,  as  is  plainly  seen  from  the  formula. 

X,  =  2t/L 

In  the  case  of  a  transmission  line  alone;  the  lower  frequencies  are  the 
more  desirable,  in  that  they  tend  to  reduce  the  inductance  drop  and 
charging  current.  The  inductance  drop  is  proportional  to  the  fre- 
quency. 

The  natural  period  of  a  line,  with  distributed  inductance  and  capacity, 
is  approximately  given  by 

VLC 

where  L  is  the  total  inductance  in  millihenrys,  and  C,  the  total  capac- 
ity in  micro- farads.  Accordingly  some  lower  odd  harmonic  of  the 
impressed  frequency  may  be  present  which  corresponds  with  the  natural 
period  of  the  line.  When  this  obtains,  oscillations  of  dangerous  mag- 
nitude may  occur.  Such  coincidences  are  less  likely  with  the  lower 
harmonics  than  with  the  higher. 
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Skin  Effect. — The  tendency  of  alternating  current  to  confine 
itself  to  the  outer  portions  of  a  conductor,  instead  of  passing  uni- 
formly through  the  cross  section,  is  called  skin  effect.  The  effect 
is  proportional  to  the  size  of  the  conductor  and  the  frequency. 

Ques.    What  effect  has  "skin  effect"  on  the  current? 

Ans.  It  is  equivalent  to  an  increase  of  ohmic  resistance  and 
therefore  opposes  the  current. 


Pics.  2.683  to  2.687. — Skin  effect  and  shield  effect.  Pig.  2,683,  section  of  conductor  illlustrating 
akin  effect  >r  tendency  of  the  alternating  current  to  distribute  itself  unequally  through  the 
cross  section  of  a  conductor  as  shown  by  the  varied  shading,  which  represents  the  current 
Bowing  most  strongly  in  the  outer  portions  of  the  conductor.  For  this  reason  it  has  been 
proposed  to  use  hollow  or  flat  instead  01  solid  round  conductors;  however,  with  frequency 
not  exceeding  100,  the  skin  effect  is  negligibly  small  in  copper  conductors  of  the  sizes 
usually  employed.  In  figs.  2,684  and  2.*185,  or  2.686  and  2.087.  if  two  adjacent  conductors 
be  carrying  current  in  the  same  direction,  concentration  will  occur  on  those  parts  of  the 
two  conductors  remote  from  one  another,  and  the  nearer  parts  will  have  less  current,  that 
is  to  say.  they  will  be  shielded.  In  this  case,  the  induction  due  to  one  conductor  will 
exert  its  opposing  effect  to  the  greatest  extent  on  those  parts  of  the  other  conductor  nearest 
to  it;  this  effect  decreasing  the  deeper  the  latter  is  penetrated.  After  crossing  the  current 
axis,  the  induction  will  still  decrease  in  magnitude,  but  will  now  aid  the  current  in  the 
conductor.  Hence,  the  effect  of  these  two  conductors  on  one  another  will  make  the  current 
density  more  uniform  than  is  the  case  where  the  two  conductors  adjacent  to  one  another 
are  carrying  current  in  opposite  directions,  as  in  figs.  2,085  and  2,086,  therefore,  the 
resistance  and  the  heating  tor  a  given  current  will  be  smaller.  If  the  two  return  conductors 
be  situated  on  the  line  passing  through  the  center  of  the  conductors  just  considered,  the 
effect  will  be  to  still  further  concentrate  the  current;  the  distribution  symmetry  will  be 
further  disturbed,  and  the  resistance  of  the  conductor  system  increased.  It  is  therefore 
difficult  to  say  which  of  the  two  cases  considered  holds  the  advantage  so  far  as  increasing 
the  resistance  is  concerned.  The  case,  however,  in  which  the  phases  are  mixed  has  much 
the  smaller  reactive  drop. 

If  the  conductor  be  large,  or  the  frequency  high,  the  central  portion 
ot  the  conductor  carries  little  if  any  current,  hence  the  resistance  is  there- 
fore greater  for  alternating  current  than  for  direct  current. 

Ques.    For  what  condition  may  "skin  effect"  be  neg- 
lected? 

Ans.    For  frequencies  of  60  or  less,  with  conductors  having 
a  diameter  not  greater  than  0000  B.  &  S.  gauge. 
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Ques.  How  is  the  "skin  effect"  calculated  for  a  given 
wire? 

Ans.  Its  area  in  circular  mils  multiplied  by  the  frequency, 
gives  the  ratio  of  the  wire's  ohmic  resistance  to  its  combined 
resistance. 

That  is  to  say,  the  factor  thus  obtained  multiplied  by  the  resistance 
of  the  wire  to  direct  current  will  give  its  combined  resistance  or  resist- 
ance to  alternating  current. 

The  following  table  gives  these  ratio  factors  for  large  conductors. 
RATIO  FACTOR  FOR  COMBINED  RESISTANCE 


Cir.  mils. 
X  frequency 


Ratio 
factor 


10,000,000 
20,000,000 
30,000,000 
40,000,000 
50,000,000 
60,000,000 


1.00 
1  .01 

i.o;i 

1.0.5 
1.08 
1.10 


Cir.  mils. 
X  frequency 


70,000,(X)0 
80,000,000 
90,000.000 

100,000,000 

125; 

150,000, 


i:»:iii:i:i 


Ratio 
factor 


1.13 
1.17 
1.20 
1.25 
1.34 
1.43 


Corona  Effect. — When  two  wires,  having  a  great  difference 
of  pressure  are  placed  near  each  other,  a  certain  phenomenon 
occurs,  which  is  called  corona  effect.  When  the  spacing  or 
distance  between  the  wires  is  small  and  the  difference  of  pressure 
in  the  wires  very  great,  a  continuous  passage  of  energy  takes 
place  through  the  dielectric  or  atmosphere,  the  amount  of  this 
energy  may  be  an  appreciable  percentage  of  the  power  trans- 
mitted. Therefore  in  laying  out  high  pressure  transmission 
lines,  this  effect  must  be  considered  in  the  spacing  of  the  wires. 

Ques.    How  does  the  corona  effect  manifest  itself? 

Ans.    It  is  visible  at  night  as  a  bluish  luminous  envelope  and 
audible  as  a  hissing  sound. 
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Ques.    What  is  the  critical  voltage? 

Ans.    The  voltage  at  which  the  corona  effect  loss  takes  place. 

Ques.    Upon  what  does  the  critical  voltage  depend? 

Ans.  Upon  the  radius  of  the  wires,  the  spacing,  and  the 
atmospheric  conditions. 


Fig.  2.6K8. — Electromagnetic  and  electrostatic  fields  surrounding  the  conductors  of  a  trans- 
mission line-  The  electromagnetic  field  is  represented  by  lines  of  magnetic  force  that 
surround  the  conductors  in  circles,  (the  solid  lines),  and  the  electrostatic  field  by  (dotted) 
circles  passing  from  conductor  to  conductor  across  at  right  angles  to  the  magnetic  circles. 
Pr  rany  given  size  of  wire  and  distance  apart  of  wires  there  is  a  certain  voltage  at  which 
the  cri  tical  density  or  critical  gradient  is  reached,  where  the  air  breaks  down  ana  luminosity 
begins — the  critical  voltage  where  corona  manifests  itself.  At  still  higher  voltages  corona 
s.;<:rt  is  to  further  distances  from  the  conductor  and  a  greater  VoitlSM  of  air  becomes 
luminous.  Incidentally,  it  produces  noise.  Now  to  produce  light  requires  power  and  to  pro- 
duce noise  requires  power.  Air  is  broken  down  and  is  heated  in  breaking  down,  and  to 
heat  also  requires  power;  therefore,  as  soon  as  corona  forms,  power  is  consumed  or  dis- 
sipated in  its  formation.  When  this  phenomenon  occurs  on  the  conductors  of  an  alter- 
nating current  circuit  a  change  takes  place  in  relation  to  current  and  voltage.  On  the 
wires  of  an  alternating  current  transmission  line,  at  a  voltage  below  that  where  corona  forms 
— at  a  voltage  where  wires  are  not  luminous — considerable  current,  more  or  less  depending 
on  voltage  and  length  of  wire,  flows  into  the  circuit  as  capacity  current  or  charging  current. 

The  critical  voltage  increases  with  both  the  diameter  of  the  wires, 
and  the  spacing. 

The  losses  due  to  corona  effect  increase  very  rapidly  with  increasing 
pressure  beyond  the  critical  voltage. 

The  magnitude  of  the  losses  as  well  as  the  critical  voltage  is  affected, 
by  atmospheric  conditions,  hence  they  probably  vary  with  the  par- 
ticular locality,  and  the  season  of  the  year.  Therefore,  for  a  given 
locality,  a  voltage  which  is  normally  below  the  critical  point,  may  at 
times  be  above  it,  depending  upon  changes  in  the  weather. 
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Such  elements  as  smoke,  fog,  moisture,  or  other  particles  (dust, 
snow,  etc.)  floating  in  the  air,  increase  the  losses;  rain,  however,  ap- 
parently has  no  appreciable  effect  upon  the  losses.  It  follows  then 
that  in  the  design  of  a  transmission  line,  the  atmospheric  condition? 
of^th^particular  locality  through  which  the  line  passes  should  be  con- 

Ques.    How  should  live  wires  be  spaced? 

Ans.  They  should  be  so  spaced  as  to  lessen  the  tendency  to 
leakage  and  to  prevent  the  wires  swinging  together  or  against 
towers.  The  spacing  should  be  only  sufficient  for  safety,  since 
increased  spacing  increases  the  self-induction  of  the  line,  and 
while  it  lessens  the  capacity,  it  does  so  only  in  a  slight  degree. 

The  following  spacing  is  in  accordance  with  average  practice. 


SPACING  FOR  VARIOUS  VOLTAGES 


Volts 

Spacing 

Volts 

i 

Spacing 

Volts 

Spacing 

5,000 
15,000 
30,000 

28  ins. 
40  ins. 
43  ins. 

45,000 
60,000 
75,000 

60  ins. 
60  ins. 
84  ins. 

90,000 
105,000 
120,000 

96  ins. 
108  ins. 
120  ins. 

Resistance  of  Wires.— For  quick  calculation  the  following 
method  of  obtaining  the  resistance  (approximately)  of  wires 
will  be  found  convenient: 

1,000  feet  No.  10  B.  &  S.  wire,  which  is  about  .1  inch  in 
diameter  (.1019),  has  a  resistance  of  one  ohm,  at  a  temperature 
of  68°  F.  and  weighs  31.4  pounds.  A  wire  three  sizes  larger, 
that  is  No.  7,  has  twice  the  cross  section  and  therefore  one-half 
the  resistance.  A  wire  three  sizes  smaller  than  No.  10,  that  is 
No.  13,  has  one-half  the  cross  section  and  therefore  twice  the 
resistance. 

Thus,  starting  with  No.  10,  any  number  three  sizes  larger  will 
double  the  cross  sectional  area  and  any  wire  three  sizes  smaller 
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will  halve  the  cross  sectional  area  of  the  preceding  wire.  This 
is  true  to  the  extreme  limits  of  the  table,  so  that  the  area,  weight 
and  resistance  of  any  wire  may  be  at  once  calculated  to  a  close 
approximation  from  this  rule,  intermediate  sizes  being  obtained 
by  interpolation. 

For  alternating  current,  the  combined  resistance,  that  is,  the 
total  resistance,  including  skin  effect,  is  obtained  by  multiplying 
the  resistance,  as  found  above  by  the  "ratio  factor"  (see  table 
page  1,894). 


■ 


Pigs.  2.fk*9  to  2.fi<l2. — Triangles  for  obtaining  graphically,  impedance,  impressed  pressure,  etc., 
in  alternating  current  circuits.  For  a  fun  explanation  of  this  method  the  reader  is  referred 
to  Guide  5,  Chapter  XLVII  of.  Alternating  Current  Diagrams.  A  thorough  study  of  th* 
chapter  is  recommended. 

Impedance. — The  total  opposition  to  the  flow  of  electricity  in 
an  alternating  current  circuit,  or  the  impedance  may  be  resolved 
into  two  components  representing  the  ohmic  resistance  and 
the  spurious  resistance;  these  components  have  a  phase  difference 
of  90°,  and  they  may  be  represented  graphically  by  the  two  legs 
of  a  right  angle  triangle,  of  which  the  hypothenuse  represents 
the  impedance. 
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Similarly,  the  volts  lost  or 
"drop"  in  an  alternating  cir- 
cuit may  be  resolved  into  two 
components  representing  re- 
spectively 

1.  The  loss  due  to  resist- 
ance. 

2.  The  loss  due  to  react- 
ance. 

These  components  have  a 
phase  difference  of  90°  and 
are  represented  graphically 
similar  to  the  impedance  com- 
ponents. This  has  been  ex- 
plained at  considerable  length 
in  Chapter  XLVII  (Guide  V). 

Power  Factor. — When  the 
current  falls  out  of  step  with 
the  pressure,  as  on  inductive 
loads,  the  power  factor  be- 
comes less  than  unity,  and 
the  effect  is  to  increase  the 
current  required  for  a  given 
load.  Accordingly,  this  must 
be  considered  in  calculating 
the  size  of  the  wires.  As  has 
been  explained,  the  current 
flowing  in  an  alternating  cur- 
rent circuit,  as  measured  by 
an  ammeter,  can  be  resolved 
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into  two  components,  representing  respectively  the  active  com- 
ponent  and  the  wattless  component  or  idle  current.  These  are 
graphically  represented  by  the  two  legs  of  a  right  triangle,  of 
which  the  hypothenuse  represents  the  current  measured  by  the 
ammeter. 

This  apparent  current,  as  is  evident  from  the  triangle,  exceeds 
the  active  current  and  lags  behind  the  pressure  by  an  amount 
represented  by  the  angle  <f>  between  the  hypothenuse  and  leg 
representing  the  energy  current  as  shown  in  fig.  2,694. 


ACTIVE  COMPONENT  RESISTANCE  VOLTS 

PlC.  2.0M. — Diagram  showing  that  the  apparent  current  is  more  than  the  active  current,  the 
excess  depending  upon  the  an«le  of  phase  difference. 

.  2.6t)d. — Diagram  showing  components  of  impedance  volts.  Compare  this  diagram  with 
figs.  2.689 and  2.671,  and  note  that  the  term  "reactance"  is  the  difference  between  the 
inductance  drop  and  the  capacity  drop  if  the  circuit  contain  capacity,  for  instance,  if 
inductance  drop  be  10  volts  and  capacity  drop  be  7  volts  then  reactance  10  —7—3  volts. 


Ques.   What  determines  the  heating  of  the  wires  on 


m 

« 

Ans.    The  apparent  current,  as  represented  by  the  hypoth- 
enuse of  the  triangle  in  fig.  2,694.  677774  A 
Ques.    How  is  the  apparent  current  obtained  ? 

Ans.    Divide  the  true  watts  by  the  product  of  the  power 
factor  multiplied  by  the  voltage. 

Example. — A  certain  circuit  supplies  20  kw.  to  motors  at  220  volts 
and  .8  power  factor.  What  is  the  apparent  current? 

.  A  -        .  true  watts   20,000  «1oftorM™>r„ 

Apparent  Current  =  ^factor  x  volt,  -  ^  -  113  6  ™^ 
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Ques.  What  else,  besides  power  factor,  should  be  con 
sidered  in  making  wire  calculations  for  motor  circuits? 

Ans.  The  efficiency  of  the  motor,  and  the  heavy  starting 
current. 

The  product  of  the  efficiency  of  the  motor  multiplied  by  the  power 
factor  gives  the  ap  par  ant  efficiency \  which  governs  the  size  of  the  wires, 
apparatus,  etc.,  necessary  to  feed  the  motors. 

Allowance  should  be  made  for  the  heavy  starting  current  required 
for  some  motors  to  avoid  undue  drop. 


TABLE  OF  APPROXIMATE  AMPERES  PER  TERMINAL  FOR 

INDUCTION  MOTORS 


Horse 

Single  phase 

Two  phase 
four  wire 

Three  phase 
three  wire 

power 

110 

220 

440 

110 

220 

440 

110 

220 

440 

550 

volts 

volts 

volts 

volts 

volts 

volts 

volts 

volts 

volts 

volts 

.5 

0.6 

3.4 

1.8 

3.3 

1.7 

.9 

3.7 

1.8 

1 

1 

14 

7 

3.5 

6.4 

3.2 

1.6 

7.4 

3.7 

1.9 

2 

24 

12 

6 

11 

5.7 

2.9 

13 

6.6 

3.3 

2.5 

3 

34 

17 

8.5 

16 

8. 1 

4. 1 

19 

9.3 

4.7 

3. 5 

4 

52 

26 

13 

26 

13 

6.5 

30 

15 

7.5 

6 

5 

74 

37 

18.5 

38 

19 

9.5 

44 

22 

11 

9 

10 

94 

47 

23.5 

44 

22 

11 

50 

25 

12.5 

11 

l.r> 

....  * 

♦  *  »  » 

.  .  .  . 

66 

33 

16.5 

76 

38 

19 

16 

20 

.... 

■  .  ■  • 

•  .  •  • 

88 

44 

22 

102 

51 

25.5 

22 

2.> 

•  •  •  * 

.  .  .  * 

•  .  .  . 

111 

55 

28 

129 

64 

32 

25 

:io 

134 

67 

33.5 

154 

77 

38.5 

32 

40 

178 

89 

44.  5 

204 

107 

53. 5 

44 

50 

•  .  •  . 

■  •  •  • 

204 

102 

51 

236 

118 

59 

52 

7') 

.... 

.  .  .  . 

*  .  ■  • 

308 

l.->4 

77 

356 

178 

89 

77 

100 

•  •  ■  * 

*  »  •  * 

■  •  »  « 

408 

204 

102 

472 

236 

118 

100 

Que*.   What  are  the  usual  power  factors  encountered 
on  commercial  circuits? 

Ans.  A  mixed  load  of  incandescent  lamps  and  induction 
motors  will  have  a  power  factor  of  from  .8  to  .85;  induction 
motors  above  .8  to  .85;  incandescent  and  Nernst  lamps  .98; 
arc  lamps,  .85. 

Digitized  by  Google 


1,901 


Wire  Calculations. — In  the  calculation  of  alternating  current 
circuits,  the  two  chief  factors  which  make  the  computation 
different  from  that  for  direct  current  circuits,  is  induction  and 
power  factor.  The  first  depends  on  the  frequency,  and  physical 
condition  of  the  circuit,  and  the  second  upon  the  character  of 
the  load. 


Ques.   Under  what  conditions  may  inductance  be 

neglected  ? 


Ans.  In  cases  where  the  wires  of  a  circuit  are  not  spaced 
jver  an  inch  apart,  or  in  conduit  work,  where  both  wires  are  in 
:he  same  conduit. 

Under  these  conditions  the  calculation  is  the  same  as  for  direct  current 
after  making  proper  allowance  for  power  factor. 

Ques.    Under  what  conditions  must  induction  be 
onsidered? 

Ans.    On  exposed  circuits  with  wires  separated  several  inches, 
articularly  in  the  case  of  large  wires. 
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Sizes  of  Wire. — The  size  of  wire  for  any  alternating  circuit 
may  be  determined  by  slightly  modifying  the  formula  used  in 
direct  current  work,  and  which,  as  derived  in  Guide  No.  4, 
page  748,  is 

.     1  amperes  X  feet  X  21.6 

circular  mils  =    (1) 

drop 

The  quantity  21.6,  is  twice  the  resistance  (10.8)  of  a  foot  of  copper 
wire  one  mil  in  diameter  (mil  foot).  This  resistance  (10.8)  is  multiplied 
by  2,  giving  the  quantity  21.6,  because  the  length  of  a  circuit,  or  feet 
i  formi " 


in  the  formula,  is  given  as  the  "run"  or  distance  one  way,  that  is, 
half  the  total  length  of  wire  in  the  circuit,  must  be  multiplied  by  2  to  get 
the  total  drop,  viz.: 

circular  m3s  -  amperes  X  feet  X  10.8  X  2  =  amperes  X  feet  X  21.6 

drop  drop 

It  is  sometimes  however  convenient  to  make  the  calculation 
in  terms  of  watts.  Formula  (1)  may  be  modified  for  such  cal- 
culation. 

In  modifying  the  formula,  the  "drop"  should  be  expressed  in 
percentage  instead  of  actual  volts  lost,  that  is,  instead  of  the 
difference  in  pressure  between  the  beginning  and  the  end  of 
the  circuit. 

In  any  circuit  the  loss  in  percentage,  or 

%  loss  =  r  ^r2   X  100 

impressed  pressure 

from  which 

%  loss  X  impressed  pressure 

drop  =  —  ~ . .  •    \* ) 

1  100 

Substituting  equation  (2)  in  equation  (1) 

amperes  X  feet  X  21.6 

circular  mils  =  ~~~  ;  

%  loss  X  imp,  pressure 

100 

_  amperes  X  feet  X  2,160 
~~  or 


%  loss  X  imp.  pressure 


  (3) 
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Equation  (3)  is  modified  for  calculation  in  terms  of  watts  as 
follows:  The  power  in  watts  is  equal  to  the  applied  voltage 
multiplied  by  the  current,  that  is  to  say,  the  power  is  equal  to 
the  volts  at  the  consumer's  end  of  the  circuit  multiplied  by  the 
current,  or  simply 


watts  =  volts  X  amperes 

which 


QUO 


i.  2,099  to  2,703. — Stranded  copper  cables.  For  conductors  of  large  areas  and  in  the  smaller 
<-iu.s  where  extra  flexibility  is  re<|iiire<l  it  be.  otnes  n.-.  e>sary  to  employ  stranded  cables 
made  by  grouping  a  number  of  wires  together  in  cither  concentric  or  rope  form.  The 
concentric  cable  as  here  illustrated  is  formed  by  grouping  six  wires  around  a  central  wire 
thereby  forming  a  seven  wire  cable.  The  next  step  is  the  application  in  a  reverse  direction 
of  another  layer  of  12  wires  and  a  nineteen  wire  cable  is  produced.  This  is  again  increased 
by  a  third  layer  of  eighteen  wires  for  a  37  wire  cable  and  a  fourth  layer  of  24  wires  for  a  ol 
wire  cable.  Successive  layers,  each  containing  0  more  wires  than  that  preceding,  may  be 
applied  until  the  desired  capacity  is  obtained.  The  cuts  show  sectional  views  of  con- 
centric cables  each  formed  from  No.  10  B.  &  S.  gauge  wires. 


Substituting  this  value  for  the  current  in  equation  (3)  and 
em  embering  that  the  pressure  taken  is  the  volts  at  the  consumer's 
of  the  line 

watts  . 

—7-  X  feet  X  2,160 
-       u  volts 
circular  mils  =  - 


%  loss  X  volts 

watts  X  feet  X  2,160 
%  loss  X  volts2 


.  (5) 
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This  formula  (5)  applies  to  a  direct  current  two  wire  circuit, 
and  to  adapt  it  to  any  alternating  current  circuit  it  is  only  neces- 
sary to  use  the  letter  M  instead  of  the  number  2,160,  thus 


circular  mils  = 


watts  X  feet  X  M 


(6) 


%  loss  X  volts2 

in  which  M  is  a  coefficient  which  has  various  values  according 
to  the  kind  of  circuit  and  value  of  the  power  factor.  These 
values  are  given  in  the  following  table: 


VALUES  OF  M 


POWER  FACTOR 


SYSTEM 


Single  phase 
Two  phase 

(4  wire) 
Three  phase 

(3  wire) 


1.00 


2,160 
1,080 


.98 


2,249 
1,125 


1,080  1,125 


.95 


.90 


2,400  2,660 


.85 


1,200 
1,200 


1,330 
1,330 


3 ,000 


.so 


.75 


.70 


1,500  1,690 


1,500 


3,380  3,840  4,400 


.65 


1 ,690 


1,920 
1,920 


2,200 
2,200 


5,112 


60 


6,000 
3,000 


2,556 
2,556!  3.000 


NOTE.— The  above  table  is  calculated  as  follows:  For  tingle  phase  M  -  2.160 
factor8  X  100;  for  two  phase  four  wire,  or  three  phase  three  wire,  M  «  i  (2,160 


factor1)  100.  Thus  the  value  of  M  for  a  single  phase  line  with  power  factor  ,9o 
X  100  =  2.400. 


It  must  be  evident  that  when  2,160  is  taken  as  the  value  of  M. 
formula  (6)  applies  to  a  two  wire  direct  current  circuit  and  also 
to  a  single  phase  alternating  current  circuit  when  the  power 
factor  is  unity. 

In  the  table  the  value  of  M  for  any  particular  power  factor  is 
found  by  dividing  2,160  by  the  square  of  that  power  factor  for 
single  phase  and  twice  the  square  of  the  power  factor  for  two 
Dhase  and  three  phase. 
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Ques.  For  a  given  load  and  voltage  how  do  the  wires 
of  a  single  and  two  phase  system  compare  in  size  and 
weight,  the  power  factor  being  the  same  in  each  case? 

Ans.  Since  the  two  phase  system  is  virtually  two  single  phase 
systems,  the  four  wires  of  the  two  phase  systems  are  half  the 
size  of  the  two  wires  of  the  single  phase  system,  and  accordingly, 
the  weight  is  the  same  for  either  system. 


VALUES  OF  T 


System 

Power  Factor 

1.00 

.98 

.90 

.80 

.70 

Two  phase,  4  wire  

Three  phase,  3  wires. .  . 

1.00 
2.00 
1.73 

.98 
1.96 
1.70 

.90 
1.80 
1.55 

.80 
1.60 
1.38 

.70 
1.40 
1.21 

NOTE. — Thm  table  is  for  finding  the  value  of  the  current  in  line,  using  the  formula 
■  W  +  (E  X  T),  in  which  I  «■  current  in  line;  E  =■  voltage  between  m  »in  conductors  at 
caving  or  consumers'  end;  W  —  watts.  For  instance,  what  is  th :  curre  it  in  a  two  phase  line 
ansmitting  1.000  watts  at  650  volts,  power  factor  .80?    I  =  1.000  +  (550  X  1.60)  =  1.13. 

Ques.  Since  there  is  no  saving  in  copper  in  using  two 
hases,  what  advantage  has  the  two  phase  system  over  the 
ne  phase  system? 

Ans.    It  is  more  desirable  on  power  circuits,  because  two 
lase  motors  are  self-starting. 

That  is  to  say,  the  rotating  magnetic  field  that  can  be  produced  by  a 
two  phase  current,  permits  an  induction  motor  to  start  without  being 
equipped  with  any  special  phase  splitting  devices  which  are  necessary 
on  single  phase  motors,  because  the  oscillating  field  produced  by  a  single 
phase  current  does  not  produce  any  torque  on  a  squirrel  cage  armature 
at  rest. 
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Ques.  For  equal  working  conditions,  what  is  ttie  com- 
parison between  the  single,  two  and  three  phase  system 
as  to  size  and  weight  of  wires? 

Ans.  Each  wire  of  the  three  phase  system  is  half  the  size  of 
one  of  the  wires  of  the  single  phase  system,  hence  the  weight  of 
copper  required  for  the  three  phase  system  is  75%  of  that  re- 
quired for  the  single  phase  system.  Since  in  the  two  phase 
system  half  of  the  load  is  carried  by  each  phase,  each  wire  of  the 
three  phase  system  is  the  same  size  as  one  of  the  wires  of  the 
two  phase  system,  hence,  the  copper  required  by  the  three 
phase  system  is  75%  of  that  required  by  the  two  phase  system. 


MISCELLANEOUS  FORMULA  FOR  COPPER  WIRES 


Diameter  squared 
Circular  mils 

. 000003027 

. 003027 

.0159847 

.003879 

.33033 

. 0000002924 

.342 

. 096585 
10.353568 

Breaking   weight  of 


X  .7854 
X  circular  mils 
X  circular  mils 
X  circular  mils 
X  square  mils 
-r-  circular  mils 
X  circular  mils 
—  circular  mils 


=  circular  mils 

=  square  mils 

=  pounds  per  foot 

=  pounds  per  1 ,000  feet 

=  pounds  per  mile 

=  pounds  per  1 ,000  feet 

=  feet  per  pound 

=  pounds  per  ohm 


=  ohms  per  pound 
X  circular  mils   =  feet  per  ohm 
-7-  circular  mils   =  ohms  per  foot 

wire  -T-  area  =  breaking   weight  p:*r 


square  inch. 

Breaking  weight  per  square  inch  X  area  =  breaking  weight 
of  wire. 

The  weight  of  copper  wire  is  1?  times  the  weight  of  iron 
wire  of  same  diameter. 
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EXAMPLE. — What  size  wires  must  be  used  on  a  single  phase  circuit 
2,000  feet  in  length  to  supply  30  kw.  at  220  volts  with  loss  of  4%,  the  power 
tor  being  .9? 

The  formula  for  circular  mils  is 

.       ..       watts  X  feet  X  M  ,1X 

circular  mils  «  -w-.  -  t  ..  .  ■  ....  (1) 

%  loss  X  volts* 

Substituting  the  given  values  and  the  proper  value  of  M  from  the 
table,  in  (1) 

circular  mils  =  30  000  *  ^X  2M0  -  82.438 


ing  to  the  accompanying  table  of  the  properties  of  copper  wire, 
the  nearest  larger  size  wire  is  No.  1  B.  &  S.  gauge  having  an  area  of  83,600 
circular  mils. 


TABLE  OF  THE  PROPERTIES  OF  COPPER  WIRE 


Otnaf  wnrbts.  length  and  re^tstanoea  of  wirwi  of  Matthim**n'ii  Standard  Conductivity  for  holh 
B.4  S  O  (Brown  A  Sharp*  Gauge)  and  B.  W.  O.  (Birmingham  Wins  Gauge)  from  Transaction* 
October  1903.  of  the  American  Institute  of  Electrical  Engineers. 


I 

"tit? 
per  1.000  feet. 

Feet  per  lb. 

Ohmn 
per  1 .000  feet. 

B.4  8. 

B.  W,  O. 

Inches. 

1  Circular 

1  mil* 

9  68*  F. 

uuuu 

000 

0.460 
0.454 
0  425 

211,600 
206,100 
180,600 

640.5 
623  9 
546  8 

1.561 
1.603 
1.829 

.04893 
.05023 
.05732 

000 
00 

00 

0  4096 
0  380 
0  3648 

167,800 
144,400 
133,100 

50*  0 
437  1 
402.8 

1  969 

2.288 
2.482 

.06170 
.07170 
.07780 

0 

0 

I 

0.340 
0.3249 
0  3000 

115,600 
105,500 
90,000 

349  9 
319.5 
272.4 

2.858 
3.130 
3.671 

.08957 
.09811 
.1150 

1 

2 
3 

0.2893 
0.2840 
0  2590 

83,690 
80.660 
67,080 

253.3 
244.1 
203.1 

3.947 
4.096 
4.925 

.1237 
.1284 
.1543 

2 
3 

4 

0  2576 
0  2380 
T)  2294 

66,370 
56,640 
52,630 

200.9 
171.5 
159  3 

4.977 
5,832 
6.276 

.1560 
.1828 
.1967 

4 

5 
6 

0-2200 
0  2043 
0  2030 

48,400 
41,740 
41,210 

146  5 
126  4 
124  7 

6  826 
7.914 
8  017 

,  .2139 
.2480 
.  ~513 

1,908 
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TABLE  OF  THE  PROPERTIES  OF  COPPER  WIRE 

{Continued) 


To  the  nea 

treat  fourth  sign 

i6cent  digit. 

Diameter. 

Area. 

Weight, 
per  1,000  feet. 

Feet  per  lb. 

Ohms 

per  1.000  fact. 

8.  A  8. 

B.  W,  O. 

I  nehes. 

Circular 
mil. 

@  6*»  F 

5 

7 
8 

0  1K19 
0.1800 
01650 

33,100 
32,400 
27,230 

100.2 
98.08 
82.41 

9.980 
10.20 
12.13 

.3128 
.3196 
.3803 

6 
7 

9 

0  1620 
0.1480 
0.1443 

\f%£*  4f%  r*  f\\ 

26,2^0 
21,900 
20,820 

79.46 
66.30 
63.02 

in  co 

12.58 
15.08 
15.87 

.3944 
.4727 
.4973 

8 

10 
11 

0. 1340 
0.1285 
0  1200 

17,960 
16,510 
14,400 

54.35 
49.98 
43  59 

18. 40 
20.01 
22.94 

m  att^a  ^a 

.6271 
.7190 

9 
10 

12 

0  1144 

0.1090 
0  1019 

13,090 
1 1 ,880 
10,380 

39.63 
35  96 
31.43 

25.23 
27.81 
31.82 

am 

.7908 
.8715 
.9972 

11 

13 
14 

0  0950 

0.09074 

0.08300 

9,025 
8,234 
6,889 

27  32 
24  93 
20  85 

36  60 
40  12 
47.95 

1 .  lit 

1.257 
I  503 

12 
13 

15 

0.08081 
0.07200 
0.07196 

6,530 
5,184 
5,178 

J). 77 
1  f  69 
ifGS 

50  59 
63  73 
63.79 

1  .586 
1.997 
1.999 

14 

16 
17 

0.06500 
0  06408 

0.0580 

4,225 
4.107 
3,364 

12  79 
12  43 
10  18 

78  19 
80.44 

98.23 

2.451 

2  521 

3  078 

15 
16 

18 

0.05707 
0.05082 
0.04900 

3,257 
2,583 
2,401 

9  858 
7  818 

7.268 

101.4 
127.9 
137  6 

3  179 
4(K» 

4  312 

17 
18 

19 

0  04^260  , 
0.042000 
0  040300 

2,048 
1,764 
1,624 

6.200 
5.340 
4.917 

161 .3 
187.3 
203.4 

5  055 

5  870 

6  374 

19 

20 
21 

0  035890 
0  035000 
0.032000 

1,288 
1,225 
1,024 

3.899 
3.708 
3.100 

256.5 
269.7 
322  6 

8  038 
8.452 
10.11 

20 
21 

22 

0  031960 
0.028460 
0.028000 

1,022 
810.1 
784.0 

3.092 
2.452 
2.373 

323.4 
407.8 
421.4 

10  14 

12  78 

13  21 

22 

23 

0.025350 
0.025000 

642.4 
625  0 

1.945 
1.892 

514  2 
528.6 

16.12 
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TABLE  OF  THE  PROPERTIES  OF  COPPER  WIRE 

(Concluded) 


fourth  munificent  d.K.t. 


Diameter. 

Area. 

B.  4  8 

B  W.  G. 

Circular 

mil* 

23 


24 


26 

27 


28 


29 
30 


31 


32 


34 

35 
36 

37 


24 

25 
26 
27 


29 


31 

32 


34 


35 


0.022570 

0.022000 
0.020100 
0.020000 

0.018000 
0.017900 
0.016000 

0.015040 
0.014200 
0.014000 

0.013000 
0.012640 
0.012000 

0  011260 
0  010030 
0.010000 

0  009000 
0.008928 
0. 


0  007950 
0 

0. 


0  006305 
0.005615 
0.1 


IIIKI 1 1 


0.004453 
0.004000 
0.003965 

0.003531 
0.003145 


509 


5 


484.0 
404.0 
400.0 

324.0 
320.4 
256.0 

254.1 
201.5 
196.0 

169.0 
159.8 
144.0 

126.7 
100. 5 
100. 0 

81  0 

79.70 

64.0 

63  21 
50.13 
49.0 

39.75 
31.52 
25.0 

19.83 

16. 

15.72 

12.47 

9.888 


LU. 
«■  1,000  feet. 


1.542 

1.466 
1.223 
1.211 

.9808 
.9699 
.7749 

.7692 
.0100 

.5933 

.5116 
.4837 
.4359 

.3836 
.3042 
.3027 

.2452 
.2413 
.1937 

.1913 
.1517 
.1483 

.1203 

.09543 

.07568 

.06001 
.04843 
.04759 

.03774 
.02993 


Feet  per  lb. 


Reninianee. 


Ohms 
per  1 .000  feet. 


<3>  68°  F. 


648.4 

682.6 
817.6 
825.9 


1,020 
1,031 
1,290 

1,300 
1,639 
1,685 

1,955 
2,007 
2,294 

2,607 
3,287 
3,304 

4,078 
4,145 
5,162 

5,227 
6,591 
6,742 

8,311 
10,480 
13,210 

16,660 
20,650 
21,010 

26,500 
33.410 


20.32 

21.39 
25.63 
25.88 

31.96 
32.31 
40.45 

40.75 
51.38 
52.83 

61.27 
64.79 
71.90 

81.70 
103.0 
103.5 

127.8 
129.9 
161.8 

163.8 
206.6 
211.3 

260.5 
328,4 
414.2 

522.2 
647.1 
658.5 

830.4 
1047. 


Drop. —  In  order  to  determine  the 

line,  the  following  formula  may  be  use 

%  loss  X  v< 
drop  =  — 


drop  or  volts 
d 

)lts 


100 


xs 


lost  in  the 

.   .  (i) 
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in  which  the  %  loss  is  a  percentage  of  the  applied  power,  that 
is,  the  power  delivered  to  the  consumer  and  not  a  percentage  of 
the  power  at  the  alternator.  "Volts"  is  the  pressure  at  the 
consumer's  end  of  the  circuit. 

VALUE  OF  "S"  FOR  60  CYCLES 


Site 
of 

wire 
B.AS 
gauge 


500.000 
300,0(10 
0.000 
000 
00 
0 

I 

2 
3 

4 

5 

6 

7 

s 
9 
10 


Area 

in 
circular 
mils. 


500.000 
300.<¥)0 
211,600 
167.800 
133.100 
105,500 
83,690 
66.370 
52,630 

41.7401 
33,100. 

26.250 ; 
20,820  J 

18310 

13.090 
10,380 


.98  power  factor 


Spacing  of 
conductors 


1"  3' 


"|  12"j  24' 


1 .21  1.45  1.61  1.77  1.92 

1.15  1.29  1.3M.48  1.57 

1  12  1.22  1.28  1.34  1.41 

1  09  l  is  1.22  I.2S  12" 

1.07  1.14  l.isj.21  1.2.' 

1.05  1.10  1.14  1.17  1.20 

1.04  1.08  1.10:1.13  1.15 

1.02  1.051 1.0811. 10  1.12 

1.02  1.04  1.061.07  1.09 


1.00  1.02  1.03  1.04 


l.<>7 


1.00  |.00  1.00  I  .OO  1.00  |  00  1.00 


1.00  1.00 


.90  power  factor 


Sf  wring  of 
conductors 


12' 


24" 


1.321.80.2 
1.191.471 


1.131.33 
1.081.23 
1.03  1.161 
1.0O1.09  1 
1.00' 1.05  1 


11 

t-rfi 
45 
33 


2.44 


2.75 


2  02 
1.63 
1.53 


1.00  1.00 
1.00  1.00 


1.84 
1.5H 
1.44 
24  1.32  1.40 
Hi  1.22  1.2S 
09  1.14  1.19 
04  1.08  1.12 


(HI 


1.00  1. 00  1.00 


I  1X1 


1.03 


1.00  1.00 


1.00 


1  INI 


1.00  1.00  I.OOjl.OO  1.00  1.00  1.001.00 


.80  power  factor 


Spacing  of 
conductors 


57 
.11 

.03 


00 
oo 


1.89 
1.46 
1.27 


1.00-1.16 


.6s  I 
.431 
,2s  1 


1.07 
1.00 


.00  1 .00 
.00  1.00 


1  00  1. 00 1. 00 


1.001.00 


1.001.00 


.07  1 
.001 
.001 
.001 


2.64  3.03  1.14  1^73 
2.12  l.OOjl.33 
1.75  1.001.14 
.1.53  1.001.02 
1.36  1.001.00 
15  1222  1.0O1.00 


1 .00  I. oo  l.ooi.oo 


12"  24 


90 
58 
41 


2.25 
I 
1 
1 

1.1< 
1 
1 
1 
I 


05 
00 

(Ml 


1.001.00 


1. Of)  1.00 


1.11 

10. 

1 


01  1 


.70  power  factor 


Spacing  of 
conductors 


i " 


t 

LMU 

1.291 

ism 

1.031 

1.00. 

1.00.1.00|lWlJ01>lJOO 

i.odi.00  ji.ooijooi.oo 

00100  1.001^10  IjOO 


1.0(1  l.OO  1  mi 


1.0*1  1.00  1.00 


1.00  1.00  1.00 


1  ooi.OOlX"' 


1.001.091.00 


1 


The  coefficient  S  has  various  values  as  given  in  the  accom- 
panying tables.  As  will  be  seen  from  the  table,  the  value  of  S  to 
be  used  depends  upon  the  size  of  wire,  spacing,  power  factor  and 
frequency. 

These  values  are  accurate  enough  for  all  practical  purposes, 
and  may  be  used  for  distances  of  20  miles  or  less  and  for  voltages 
up  to  25,000. 
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The  capacity  effect  on  very  long  high  voltage  lines,  makes  this 
method  of  determining  the  drop  somewhat  inaccurate  beyond  the 
limits  above  mentioned. 

VALUE  OF  MS"  FOR  25  CYCLES 


4 

VIC 

B  4SJ 


in 
circular 


Jtfovcr  factor 


Spacing  of 
conductors 


2" 


12" 


24' 


.90  power  factor 


Sparine  of 
conductors 


6" 


12" 


24' 


.80  power  factor 


Spacing  of 
conductors 


r 


12" 


24" 


.70  power  factor 


Spacing  of 
conductors 


3"  6"  12"  24" 


00 


1 


500,000 
.000 
211.000 
167.*00 
133.100 
105.500 

83.0901 

06.370 

52,630 

41.740 

33.100 
26.250 

20.8201 

16.510 

13.090 


I 

in 


101  I 
1.041 

031.0 
1.00  1.05 

001031 
1.001.01 


1 .00 


1O0 


l-231.29a.36 
1.131.1811^1 
1.091.11  1.14 
1061.091.10 
.05jlO6ilJ 
1.021.03  1.04 


1.00 


100 1.001 1.00 


1 .001001.00 


1 .00  1 .00  1 .00 


08  1 


l  on 


1 .02  1 

1  INI  I 
1 .00  ! 
UNI  I 
INI  1 
UNI  1 


UN) 


UNI 


1.00 


1.00 


.11  1.35  1.43  1.61 
.0M.UV  1.25  1.31 
.0211.07!  1.13jl. 15| 
On  1  OK  1.07  1  11 
.On  1  On  1.02!  lOfi 
.001 00  1.001 


UNI  1.011  1.00  UMI 


1O0  1.001.001.00  1.0(i  1.00 


1 .00  1  oo 


INI  I 


1 .0o|  1.1511 
1. OnlOn  1.091. 161.2; 
l.OOl.OOl  001.03  1. 101 

iooli.ooi.oni.ooi.oi 

1.00  1.00  UNI  1.00  1 
00  UNI  I  INI!  INI| 


00  1 


1 .00  1 .00  1 .00  1 .00  1 .00  1 .00  1 .00 


1.001.00 


1.00 


1.00 


00  1 


1  00  1 .00 
1 .00 1 .00 
1 .001.00 
1.001.00 
001.00 
.001.00 


.00  1 


1.161.33 
1.001.02 
1.001.00 
1 .00  1 .00 
1.00,1. 00 
1.0011.00 


1 .00  1 .00  1 .00  1 .00 


1.00 


1 .001.00 


1.00 


UNI  1.00 


1.00 


1.00 


1.00 


UH'l  (Ki 


1.49 
1.12 
1.00 
1.00 
1.00 
1.00 


1 .00  1 .00 


1 .00)  1 .00 


l.oo 


EXAMPLE. — A  circuit  supplying  current  at  440  volts,  60  frequency, 
with  5%  loss  and  .8  power  factor  is  composed  of  No.  2  B.  &  S.  gauge  wires 
spaced  one  foot  apart.  What  is  the  drop  in  the  line? 
According  to  the  formula 

A   %  loss  X  volts  ^  0 

drop  100   XS 

Substituting  the  given  values,  and  value  of  S  as  obtained  from  the 
table  for  frequency  60 

.         5X440  „  f     w    .  . 
drop  =•  — j^g—  X  1  -  22  volts 


Current. — As  has  been  stated,  the  effect  of  power  factor  less 
than  unity,  is  to  increase  the  current;  hence,  in  inductive  circuit 
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calculations,  the  first  step  is  to  determine  the  current  flowing  in 
circuit.   This  is  done  as  follows: 


current  = 


apparent  load 


and 


apparent  load  = 


volts 
watts 


power  factor 


Substituting  (2)  in  (1) 

watts 


power  factor 
current  =  —  

volts 


watts 


power  factor  X  volts 


Fie  2,70-4. — Rope  type  of  stranded  copper  cable  which  is  used  when  a  high  degree  of  I 
is  required.  The  construction  ol  this  cable  is  the  stranding  together  of  seven 
each  containing  seven  wires  and  producing  a  total  of  49  wires.  In  cases  when  a  i 
carrying  capacity  is  desired  than  can  be  obtained  through  the  use  of  the  7  X  7or#t 
cable,  the  number  of  groups  is  increased  to  nineteen  thereby  making  a  total  of  133 r 
(19  X  7). 

EXAM  PLE. — A  50  horse  power  440  volt  motor  has  a  full  load  effi< 

of  .9  and  power  factor  of  .8.   How  mueli  current  is  required? 

Since  the  brake  horse  power  of  the  motor  is  given,  it  is  n< 
obtain  the  electrical  horse  power,  thus 

b rake  horse  power     50  _ 

L.  H.  P.  =   = — -  m  55.5 

efficiency  .  9 

which  in  watts  is 

55.5  X  74G  =  41,403 


which  is  the  actual  load,  and  from  which 

actual  load  41,403 


apparent  load  = 


power  factor 


.8 


51,754 


gle 
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The  current  therefore  at  440  volts  is 

apparent  load     51,754     , a 
•^Ui  440"  '  1176  ^P"88 

EXAMPLE. — A  50  horse  power  single  phase  440  volt  motor,  having 
a  full  load  efficiency  of  .92  and  power  factor  of  .8,  is  to  be  operated  at 
a  distance  of  1,000  feet  from  the  alternator.  The  wires  are  to  be  spaced 
6  inches  apart  and  the  frequency  is  60,  and  %  loss  5.  Determine: 
A,  electrical  horse  power;  B,  watts;  C,  apparent  load;  D,  current; 
E,  site  of  wires;  F,  drop;  G,  voltage  at  the  alternator. 

A,  Electrical  horse  power  • 

E.H.P.  =  b^-^xg=54.3 

or, 

54.3  X  746  =  40,508  watts 


TABLE  OF  WIRE  EQUIVALENTS 


(Brown  and  Sharpe  gauge) 


2  Mo 
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A  Mn 
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No. 
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16 
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21 

4 
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13 

16 
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19 
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B.  Watts 

watts  =  E.  H.  P.  X  746  -  54.3  X  746  -  40, 


1 


C.  Apparent  load 

.  ,    ,     ,         actual  load  or  watts     40,508  _A 

apparent  load  or  kva  =»  j~-          =  — s —  =  50,63d 

power  factor  .8 

D.  Current 

—  apparent  load  or  kva  ^  50,635     - .  _ 
current  -  volts      .      =    440    ™  amperes 

E.  Size  of  wires 

watts  X  feet  XM     40.508  X  1,000  X  3,380  .AiAA« 
Qn  mils  -    %  loss  X  volts'  5^440*   "  UlMZ 

From  table  page  1 ,907,  nearest  size  larger  wire  is  No.  00  B.  &  S.  gauge. 

F.  Drop 

.         %  loss  X  volts  ^  c      5X440V1I7  0- 
drop  =  ^          X  S  -  — 10Q     X  1.17  =  25.74  volts 

NOTE. — Value*  of  S  arc  given  on  page  1910. 


G.  Voltage  at  alternator 
alternator  pressure  -  volts  at  motor  +  drop  -  440  +  25.74  -  465.7  volts. 


■ 
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CHAPTER  LXVI 

POWER  STATIONS 

The  term  power  station  is  usually  applied  to  any  building 
containing  an  installation  of  machinery  for  the  conversion  of 
energy  from  one  form  into  another  form.  There  are  three  general 
classes  of  station: 

1 .  Central  stations ; 

2.  Sub-stations; 

3.  Isolated  plants. 

These  may  also  be  classified  with  respect  to  their  function  as 

1.  Generating  stations; 

2.  Distributing  stations; 

3.  Converting  stations; 

and  with  respect  to  the  form  of  power  used  in  generating  the 
electric  current,  generating  stations  may  be  classed  as 

1.  Steam  electric; 

2.  Hydro-electric; 

3.  Gas  electric,  etc. 

Central  Stations. — It  must  be  evident  that  the  general  type 
of  central  station  to  be  adapted  to  a  given  case,  that  is  to  say, 
the  general  character  of  the  machinery  to  be  installed  deper^- 
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upon  the  kind  of  natural  energy  available  for  conversion  into 
electrical  energy,  and  the  character  of  the  electrical  energy 
required  by  the  consumers. 

This  gives  rise  to  a  further  classification,  as 

1.  Alternating  current  stations; 

2.  Direct  current  stations; 

3.  Alternating  and  direct  current  station. 

The  alternators  or  dynamos  may  be  driven  by  steam  or  water 
turbines,  reciprocating  engines,  or  gas  engines,  according  to  the 
character  of  the  natural  energy  available. 


Fig.  2,705.— Elevation  of  small  station  with  direct  drive,  showing  arrangement  of  the  boCer 
and  engine,  piping,  etc. 


Ques.  Why  is  the  reciprocating  engine  being  largely 
replaced  by  the  steam  turbine,  especially  for  large  units? 

Ans.  Because  of  its  higher  rotative  speed,  and  absence  of 
a  multiplicity  of  bearings  which  in  the  case  of  a  high  speed, 
reciprocating  engine  must  be  maintained  in  close  adjustment 
for  the  proper  operation  of  the  engine. 

The  higher  speed  of  rotation  results  in  a  more  compact  unit,  desirable 
for  driving  high  frequency  alternators. 
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Ques.  Is  the  steam  turbine  more  economical  than 
a  high  duty  reciprocating  engine? 

Ans.  No. 

Location  of  Central  Stations. — As  a  rule,  central  stations 
should  be  so  located  that  the  average  loss  of  voltage  in  over- 
coming the  resistance  of  the  lines  is  a  minimum,  and  this  point 


CONSUMLH 


STATION  BUS 


REGULATOR  . 


CENTER  OF  \ 
DISTRIBUTION 


STATION  BUS 


REGULATOR 


Frc  2.706. — Diagram  illustrating  graphical  method  of  determining  the  center  of  gravity  of  a 
system  in  locating  the  central  station. 

is  located  at  the  center  of  gravity  of  the  system.   In  fig.  2,706  is 
shown  a  graphical  method  of  locating  this  important  spot. 

Suppose  a  rough  canvass  of  prosj>ective  consumers  in  a  district  to  be 
supplied  with  electric  light  or  power  shows  the  principal  loads  to  be 
located  at  A,  B,  C,  D,  E,  etc.,  and  for  simplicity  assume  that  these 
loads  will  be  approximately  equal,  so  that  each  may  be  denoted  by  1  for 
example: 
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The  relative  locations  of  A,  B,  C,  D,  E,  etc.,  should  be  drawn  to  scale  (say 
1  inch  to  the  1,000  feet)  after  which  the  problem  resolves  itself  into  finding 
the  location  of  the  station  with  respect  to  this  scale. 

The  solution  consists  in  first  finding  the  center  of  gravity  of  any  two  of  the  loads,  such 
as  those  at  A  and  B.  Since  each  of  these  is  1,  they  will  together  have  the  same  effect  on  the 
system  as  the  resultant  load  of  1  and  1 ,  or  2,  located  at  their  center  of  gravity,  this  point  being 
so  chosen  that  the  product  of  the  loads  by  their  respective  distances  from  this  point  will  in 
both  cases  be  equal. 

The  loads  being  equal  in  this  case  the  distances  must  be  equal  in  order  that  the  products  be 
the  same,  so  that  the  center  of  gravity  of  A  4-B  is  at  G,  which  point  is  midway  between  A  and  B. 

Considering,  next,  the  resultant  load  of  2  at  G  and  the  load  of  1  at  C,  the  resultant  load 
at  the  center  of  gravity  of  these  will  be  3,  and  this  must  be  situated  at  a  distance  of  two  units 
from  C  and  one  unit  from  G  so  that  the  distance  2  times  the  load  1  at  C  equals  the  distance 
1  times  the  load  2  at  G.  Having  thus  located  the  load  3  at  H.  the  same  method  is  followed  in 
finding  the  load  4  at  I.  Then  in  like  manner  the  resultant  load  4  and  the  load  1  at  E  gives  a 
load  5  at  S. 

The  point  S  being  the  last  to  be  determined  represents,  therefore,  the  position  of  the  center 
of  gravity  of  the  entire  system,  and  consequently  the  proper  position  of  the  plant  in  order  to 
give  the  minimum  loss  of  voltage  on  the  lines. 


PlC  2,707. — Exterior  of  central  station  at  Lewis,  la.;  example  of  \*ery  small  station  located  in 

the  principal  business  section  of  a  town.  It  also  illustrates  the  use  of  a  direct  connected 
gasoliw  electric  Bet.  The  central  station  is  located  on  Main  Street,  which  is  the  principal 
thoroughfare- .  and  is  installed  in  a  low  one  story  building  for  which  a  mere  nominal  rectal 
charge  is  paid,  the  company  having  the  option  to  buy  the  property  later  at  the  value  of 
the  land  plus  the  cost  of  the  improvements  and  simple  interest  on  the  same.  To  the  front 
of  an  old  frame  building  about  16  feet  l>y  2s  feet  has  been  built  a  neat,  well  lighted  con- 
crete  block  room,  about  1(1  feet  by  16  feet,  carrying  the  building  to  the  lot  line  ana  afford  rr^j 
ample  space  1  >r  the  generating  •  I  m»l  switchboards,  and  such  desk  room  as  is  needed  far 
the-  ordinary  office  busim  >  <  t  the  company.  In  this  room,  which  is  finished  in  natural 
pine  with  plastered  walls,  has  been  installed  a  standard  ( General  Electric  25  kw.  gasolene 
electric  generating  set  consisting  of  a  four  cylinder,  four  cycle,  vertical  water  cooled. 
4.J  :>»  H.l\  gasolim  engine,  direct  connected  to  a  three  phase.  2,300  volt.  600  R.P.M. 
alternator  with  a  1_\*>  volt  exciter  mounted  on  the  same  shaft  and  in  the  same  frame. 
With  the  generating  set  is  a  slate  Switchboard  panel  equipped  with  three  ammeters,  one 
voltmeter,  an  instrument  plug  switch  for  voltage  indication,  one  single  pole  carbon  break 
switch,  one  automatic  oil  circuit  breaker  line  switch  and  rheostats,  instrument  tran*- 
formcrs  .tre  mounted  above  and  b.i'k  of  the  board.  For  street  lighting  service  a  4  kw. 
constant  current  transformer  has  been  installed,  and  with  it  a  gray  marble  switchboard 
panel  mounted  on  in  >n  fr.trn<  ;  and  <  arrying  an  ammeter  and  a  four  point  plug  switch.  On 
a  board  near  the  generator  SCI  are  mounted  in  convenient  reach  suitable  wrenches,  span- 
ners, and  repair  parts  iols.  To  cool  the  engine  cylinders  five  6X8  steel  tanks  have 
been  m*  tailed  iu  the  old  building,  a  pump  on  engine  giving  forced  circulation. 
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Ques.   Is  the  center  of  gravity  of  the  system,  as  obtained 

in  fig.  2,706,  the  proper  location  for  the  central  station? 

Ans.    It  is  very  rarely  the  best  location. 

Ques.  Why? 

Ans.  Other  conditions,  such  as  the  price  of  land,  difficulty 
of  obtaining  water,  facilities  for  delivery  of  coal  and  removal 


Fc  2,708. — Map  of  Cia  Docas  de  Santos  hydro-electric  system;  an  example  of  station  location 
remote  from  the  center  of  distribution.  In  the  figure  A  is  the  intake;  B,  flume;  C,  forebay: 
D.  penstocks;  E,  power  house;  F,  narrow  gauge  railway;  G.  general  store;  H,  point  of 
dfbark:iti«m;  I,  transmission  line;  J.  dead  ends;  K.  sub-station.  SantOt,  in  the  republic 
of  Brazil,  is  one  of  the  great  coffee  shipping  ports  of  the  world,  and  for  the  development 
of  its  water  front  has  required  an  elaborate  system  of  quays.  These  have  been  developed 
by  the  Santos  Dock  Company,  which  holds  a  concession  for  the  whole  water  front.  The 
company,  needing  electric  power  for  its  own  use,  has  developed  a  system  deriving  its 
power  from  a  point  about  thirty  miles  from  the  city,  where  a  small  stream  plunges  down 
the  sea  coast  from  the  mountain  range  that  runs  along  it.  The  engineers  have  estimated 
that  100.000  horse  power  can  be  obtained  from  this  source. 


of  ashes,  etc.,  may  more  than  offset  the  minimum  line  losses 
and  copper  cost  due  to  locating  the  station  at  the  center  of 
gravity  of  the  system. 

Ques.    How  then  should  the  station  be  located  ? 

Ans.  The  more  practical  experience  the  designer  has  had, 
and  the  more  common  sense  he  possesses,  the  better  is  he  equipped 
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to  handle  the  problem,  as  the  solution  is  generally  such  that  it 
cannot  be  worked  out  by  any  rule  of  thumb  method. 

Ques.  What  are  the  general  considerations  with 
respect  to  the  price  of  land  ? 

Ans.  The  cost  for  the  station  site  may  be  so  high  as  to 
necessitate  building  or  renting  room  at  a  considerable  distance 
from  the  district  to  be  supplied. 


FlG.  2,709. — Station  location.  The  figure  shows  two  distribution  centers  as  a  town  A  and 
suburb  B  supplied  with  electricity  from  one  station.  For  minimum  cost  of  copper  the 
location  of  the  station  would  be  at  O,  the  center  of  gravity.  However,  it  is  very  rareh 
that  this  is  the  best  location.  For  instance  at  C,  land  is  cheaper  than  at  G,  and  there  ts 
room  for  future  extension  to  the  station,  as  shown  by  the  dotted  lines,  whereas  at  G.  only 
enough  land  is  available  for  present  requirements.  Moreover  C  is  near  the  railroad  inhere 
coal  may  Ik-  obtained  without  the  expense  of  cartage,  and  being  located  at  the  river,  the 
plant  may  be  run  condensing  thus  effecting  considerable  economy.  The  conditions  may 
sometimes  lie  such  that  any  one  of  the  advantages  to  be  secured  by  locating  the  station  at 
C  may  more  than  offset  the  additional  cost  of  copper. 

If  the  price  of  land  selected  for  the  station  he  high,  the  running  ex- 
penses will  be  similarly  affected,  inasmuch  as  more  interest  must  then 
be  paid  on  the  capital  invested. 

The  price  or  rent  of  real  estate  might  also  in  certain  instances  alter 
the  proposed  interior  arrangement  of  the  station,  particularly  so  in  the 
case  of  a  company  with  small  capital  oj>erating  in  a  city  where  high 
prices  prevail.  In  general,  however,  it  may  be  stated  that  whatever 
effect  the  price  of  real  estate  would  have  upon  the  arrangement,  opera- 
tion and  location  of  a  central  station  it  can  quite  readily  and  accurately 
be  determined  in  advance. 
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Ques.  With  respect  to  the  cost  of  the  land  what  should 
be  especially  considered  ? 

Ans.    Room  for  the  future  extension  of  the  plant. 

Although  such  additional  space  need  not  be  purchased  at  the  time 
of  the  original  installation  it  is  well,  if  possible,  to  make  provision 
whereby  it  can  be  obtained  at  a  reasonable  figure  when  desired.  The 
preliminary  canvass  of  consumers  will  aid  in  deciding  the  amount 
of  space  advisable  to  allow  for  future  axtensions;  as  a  rule,  however,  it 


Fic.  2.710. — Section  of  the  central  station  or  "electricity  works"  at  Derby,  showing  boiler  and 
engine  room  and  arrangement  of  bunkers,  conveyor,  ash  pit,  grates,  boilers  (drum,  heating 
surface  and  superheater),  economizer,  flue,  turbines,  condenser  pumps,  etc.;  also  location 
of  switchboard  gallery  and  system  of  piping. 


is  wise  to  count  on  the  plant  enlarging  to  not  less  than  twice  its  original 
size,  as  often  the  dimensions  have  to  l>e  increased  four  and  even  six 
times  those  found  sufficient  at  the  beginning. 

Ques.    What  trouble  is  likely  to  be  encountered  with 
an  illy  located  plant  after  it  is  in  operation? 

Ans.    It  may  be  considered  a  nuisance  by  those  residing  in 
the  vicinity,  occasioning  many  complaints. 
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Thus,  if  the  plant  be  placed  in  a  residential  section  of  the  community 
the  smoke,  noise  and  vibration  of  the  machines  may  become  a  nuisance 
to  the  surrounding  inhabitants,  and  eventually  end  in  suits  for  damage 
against  the  company  responsible  for  the  same.  For  these  and  the  other 
reasons  just  given  a  company  is  sometimes  forced  to  disregard  entirely 
the  location  of  a  central  station  near  the  center  of  gravity  of  the  system, 
and  build  at  a  considerable  distance;  such  a  proceeding  would,  if  the 
distance  be  great,  necessitate  the  installation  of  a  high  pressure  system. 

There  might,  however,  be  certain  local  laws  in  force  restricting  the 
use  of  high  pressure  currents  on  account  of  the  danger  resulting  to  life, 
that  would  prevent  this  solution  of  the  problem.  In  such  cases  there 
could  undoubtedly  be  found  some  site  where  the  objections  previously 
noted  would  be  tolerated ;  thus,  there  would  naturally  be  little  objection 
to  locating  next  to  a  stable,  a  brewery,  or  a  factory  of  any  description. 

Ques.   Why  is  the  matter  of  water  supply  important 
for  a  central  station? 

Ans.  Because,  in  a  steam  driven  plant,  water  is  used  in  the 
boilers  for  the  production  of  steam  by  boiling,  and  if  the  engines 
be  of  the  condensing  type  it  is  also  used  in  them  for  creating  a 
vacuum  into  which  the  exhaust  steam  passes  so  as  to  increase 
the  efficiency  of  the  engine  above  what  it  would  be  if  the  exhaust 
steam  were  obliged  to  discharge  into  the  comparatively  high 
pressure  of  the  atmosphere. 

The  force  of  this  will  be  apparent  by  considering  that  the  water  con- 
sumption of  the  engine  ordinarily  is  from  15  to  25  lbs.  of  "feed  water" 
per  horse  power  per  hour,  and  the  amount  of  "circulating  water"  re- 
quired to  maintain  the  vacuum  is  about  25  to  30  times  the  feed  water, 
and  in  the  case  of  turbines  with  their  28  or  29  inch  vacuum,  much  more. 
For  instance,  a  1,000  horse  power  plant  running  on  15  lbs.  of  feed  water 
and  30  to  1  circulating  water  would  require  (1,000  X  15)  X  (30  +  1)  = 
465,000  lbs.  or  55,822  gals,  per  hour  at  full  capacity. 

Ques.    Besides  price  what  other  considerations  are 
important  with  respect  to  water? 

Ans.    Its  quality  and  the  possibility  of  a  scarcity  of  supply. 

It  is  quite  necessary  that  the  water  used  in  the  boilers  should  be  as 
free  as  possible  from  impurities,  so  as  to  prevent  the  deposition  within 
them  of  any  scale  or  sediments.    The  quality  of  the  water  used  f— 
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condensing  purposes,  however,  is  not  quite  so  important,  although  the  purer 
it  is  the  better. 

If  the  plant  is  to  be  located  in  a  city,  the  matter  of  water  supply  need 
not  generally  be  considered,  because,  as  a  rule,  it  can  be  obtained  from  the 
waterworks;  there  will  then,  of  course,  be  a  water  tax  to  consider  and 
this,  if  large,  may  warrant  an  effort  being  made  to  obtain  the  water  in  some 
other  way.  In  any  event,  however,  the  possibility  of  a  scarcity  in  the  supply 
should  be  reduced  to  a  minimum. 

If  the  plant  be  located  in  the  country,  some  natural  source  of  water  would 
be  utilized  unless  the  place  be  supplied  with  waterworks,  which  is  not  gen- 


Fig.  2,712. — View  illustrating  the  location  of  a  station  as  governed  by  the  presence  of  a  wat* 
falls.   In  such  cases  the  natural  water  power  may  be  at  a  considerable  distance  from  thi 
center  of  gravity  of  the  distribution  system  because  of  the  saving  in  generation.    In  th 
case  of  lonn  distance  transmission  very  high  pressure  may  be  used  and  a  transform- 
step  down  sub-station  be  located  at  or  near  the  center  of  gravity  of  the  system,  thus  con- 
siderably reducing  the  cost  of  copper  for  the  transmission  line. 

erally  the  case.  It  is  usual,  however,  to  find  a  stream,  lake  or  pond  in  tbe 
vicinity,  but  if  none  such  be  conveniently  near,  an  artesian  or  other  formctf 
well  must  lx»  sunk. 

If  abundance  of  water  exist  in  the  vicinity  of  the  proposed  installation.  n<" 
only  would  the  location  of  the  plant  l)e  governed  thereby,  but  the  kind  <i 
power  to  be  used  for  its  operation  would  depend  thereon.  Thus,  if  the  quantity 
of  the  water  were  sufficient  throughout  the  entire  year  to  supply  the  neces- 
sary power,  water  wheels  might  be  installed  and  used  in  place  of  boiler? 
and  steam  engines  for  driving  the  generators.  The  station  would  then,  of 
course,  be  situated  close  to  the  waterfall,  regardless  of  the  center  of  gravity 
of  the  system. 
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Ques.  What  should  be  noted  with  respect  to  the  coal 
supply? 

Ans.  The  facility  for  transporting  the  coal  from  the  supply 
point  to  the  boiler  room. 

In  this  connection,  an  admirable  location,  other  conditions  permitting, 
is  adjacent  to  a  railway  line  or  water  front  so  that  coal  delivered  by  car 
or  boat  may  be  unloaded  directly  into  the  bins  supplying  the  boilers. 


Pic  2.713. — View  of  a  station  admirably  located  with  respect  to  transportation  of  the  mnl 
supply.  As  shown,  the  coal  may  be  obtained  either  by  boat  or  rail,  and  with  modern 
machinery  for  conveying  the  coal  to  the  interior  of  the  station,  the  transportation  cost  is 
reduced  to  a  minimum. 

If  the  coal  be  brought  by  train,  a  side  or  branch  track  will  usually 
be  found  convenient,  and  this  will  usually  render  any  carting  of  the  fuel 
entirely  unnecessary. 

In  whatever  way  the  coal  is  to  be  supplied,  the  liability  of  a  shortage 
due  to  traffic  or  navigation  being  closed  at  any  time  of  the  year  should 
be  well  looked  into,  as  should  also  the  facility  for  the  removal  of  ashes, 
before  deciding  upon  the  final  location  for  the  plant. 


< 


Choice  of  System. — The  chief  considerations  in  the  design 
of  a  central  station  are  economy  and  capacity.  When 
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current  has  to  be  transmitted  long  distances  for  either  lighting 
rr  power  purposes,  economy  is  attainable  only  by  reducing  the 
weight  of  the  copper  conductors.  This  can  be  accomplished 
tiily  by  the  use  of  the  high  voltage  currents  obtainable  from 
alternators. 

Again,  where  the  consumers  are  located  within  a  radius  of 
iwo  miles  from  the  central  station,  thereby  requiring  a  trans- 
mission voltage  of  550  volts  or  less,  dynamos  may  be  employed 
vrith  greater  economy. 

Alternating  current  possesses  serious  disadvantages  for  certain 
Important  applications. 

For  instance,  in  operating  electric  railways  and  for  lighting 
t  is  often  necessary  to  transmit  direct  current  at  500  volts  a 
iistance  of  five  or  ten  miles.  In  such  cases,  the  excessive  drop 
annot  be  econorru  cally  reduced  by  increasing  the  sizes  of  the 
ine  wire,  while  a  sufficient  increase  of  the  voltage  would  cause 
serious  variations  under  changes  of  load.  Hence,  it  is  common 
jractice  to  employ  some  form  of  auxiliary  generator  or  booster, 
;vhich  when  connected  in  series  with  the  feeder,  automatically 
naintains  the  required  pressure  in  the  most  remote  districts 
v  long  as  the  main  generators  continue  to  furnish  the  normal  or . 
working  voltage. 

The  advantage  of  a  direct  current  installation  in  such  cases 
>ver  a  similar  plant  supplying  alternating  current  line  is  the 
act  that  a  storage  battery  may  be  used  in  connection  with  the 
ormer  for  taking  up  the  fluctuations  of  the  current,  thereby 
)ermitting  the  dynamo  to  run  with  a  less  variable  load,  and 
onsequently  at  higher  efficiency. 

Ques.   Name  some  services  requiring  direct  current. 

Axis.  Direct  current  is  required  for  certain  kinds  of  electrolytic 
rork,  such  as  electroplating,  the  electrical  separation  of  metals, 
tc,  also  the  charging  of  storage  batteries  for  electric  autompbiler 
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Ques.  How  is  direct  cur- 
rent supplied? 

Ans.  Sometimes  the  cen 
station  is  equipped  with  sui 
apparatus  for  supplying  bot 
direct  and  alternating  curren 
This  may  be  accomplished 
several  different  ways:  By 
stalling  both  direct  and  alter] 
nating  current  generators  in 
central  station;  by  the  use 
double  current  generators 
dynamotors,  from  which  di 
current  may  be  taken  from 
side  and  alternating 
from  the  other  side;  orbyi 
stalling,  in  the  sub-station  of 
alternating  current  central  s' 
tion,  in  addition  to  the  t 
formers  usually  placed  th 
a  rotary  converter  for  changing 
or  converting  alternating  cur 
rent  into  direct  current. 


Thus,  it  is  evident  that  the 
acter  of  a  central  station  will 
governed  to  a  great  extent  by 
class  of  services  to  be  suppHed. 


An  exception  to  this  is 
the  entire  output  has  to  be 
mitted  a  long  distance  to  the 
of  utilization. 


In  such  cases  a  copper  econ- 
omy demands  the  use  of  high 
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tension  alternating  current,  and  its  distribution  to  consumers  may 
be  made  directly  by  means  of  step  down  transformers  mounted  near 
by  or  within  the  consumers'  premises,  or  it  may  be  transformed  into 
low  voltage  alternating  current  by  a  conveniently  located  sub-station. 

Where  the  current  is  to  be  used  chiefly  for  lighting  and  there  are 
only  a  few  or  no  motors  to  be  supplied,  the  choice  between  direct  cur- 
rent and  alternating  current  will  depend  greatly  upon  the  size  of  the 
installation,  direct  current  being  preferable  for  small  installations  and 
alternating  current  for  large  installations. 

If  the  current  is  to  be  used  primarily  for  operating  machinery,  such 
as  elevators,  travelling  cranes,  machine  tools  and  other  devices  of  a 


NUMBER  OF  50- WATT  LAMPS  CONNECTED 

Pig.  2.716. — Diagram  illustrating  diversity  factor.  By  definition  diversity  factor  —  combined 
actual  maximum  demand  of  a  group  of  customers  divided  by  the  sum  of  their  individual  maxi- 
mum demands.  Example,  a  customer  has  fifty  (50)  watt  lamps  and.  of  course,  the  sum  of 
the  individual  maximum  demands  of  the  lamps  is  2.5  kw.  watts  ("connected  load"). 
The  customers  maximum  demand,  however,  is  1.5  kw.  Hence,  the  diversity  factor'  of 
the  customer's  group  of  lamps  is  1.5  +2.5  «.6.  In  the  diagram  the  ordinate*  of  the  curves 
show  the  ratio  maximum  demand  to  connected  toad  tor  various  kinds  of  electric  lighting 
service  in  Chicago. 

similar  character,  which  have  to  be  operated  intermittently  and  at 
varying  speeds  and  loads,  direct  current  is  the  more  suitable;  but  if 
the  motors  jxjrforming  such  work  can  be  operated  continuously  for 
many  hours  at  a  time  under  practically  constant  loads,  as,  for  instance 
in  the  general  work  of  a  pumping  station,  alternating  current  may  be 
employed  with  advantage. 


Size  of  Plant. — Before  any  definite  calculation  can  be  made, 
or  plans  drawn,  the  engineer  must  determine  the  probable  load. 
This  is  usually  ascertained  in  terms  of  the  number  and  distances 


•  NOTE. — The  diversity  factor  of  a  customer's  group  of  lamps,  n  imc' the  rat  o  •  ' 
cnajumuxn  demand  to  connected  load  is  usually  called  the  demand  factor  of  the  customer, 
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of  lamps  that  will  be  required,  by  making  a  thorough  canvass 
of  the  city  or  town,  or  that  portion  for  which  electrical  energy 
is  to  be  supplied.  The  probable  load  that  the  station  is  to  can; 
when  it  begins  operation,  the  nature  of  this  load,  and  the  prob- 
able rate  of  increase  are  matters  upon  which  the  design  and 
construction  chiefly  depend. 


Fig.  2,717.— Load  curve  for  one  day. 


Ques.   What  is  the  nature  of  the  load  carried  by  a 
central  station? 

Ans.    It  fluctuates  with  the  time  of  day  and  also  with  the 
time  of  year. 

Ques.    How  is  a  fluctuating  load  best  represented  ? 

Ans.  Graphically,  that  is  to  say  by  means  of  a  curve  plotted 
on  coordinate  paper  of  which  ordinates  represent  load  values 
and  the  corresponding  abscissae  time  values,  as  in  the  accom- 
panying curves. 
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Ques.   What  is  the  nature  of  a  power  load? 

Ans.  Where  electricity  is  supplied  for  power  purposes  to 
a  number  of  factories,  the  load  is  fairly  steady,  dropping,  of 
course,  during  meal  hours.  In  the  case  of  traction,  the  average 
value  of  the  load  is  fairly  steady  but  there  are  momentarily 
violent  fluctuations  due  to  starting  cars  or  trains. 


Pic.  2.718. — Load  curve  (or  one  year. 


Ques.    What  is  the  peak  load? 

Ans.-  The  maximum  load  which  has  to  be  carried  by  the 
station  at  any  time  of  day  or  night  as  shown  by  the  highest 
point  of  the  load  curve. 

Ques.    Define  the  load  factor. 

Ans.    The  machinery  of  the  station  evidently  must  be  large 
enough  to  carry  the  peak  load,  and  therefore  considerably^^ 
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excess  of  that  required  for  the  average  demand.  The  ratio  of 
the  average  to  the  maximum  load  is  called  the  load  factor. 

There  are  two  kinds  of  load  factor:  the  annual,  and  the  daily. 

The  annual  load  factor  is  obtained  as  a  percentage  by  multiplying  the 
number  of  units  sold  (per  year)  by  100,  and  dividing  by  the  product  of 
the  maximum  load  and  the  number  of  hours  in  the  year.  The  daily  load 
factor  is  obtained  by  taking  the  figures  for  24  hours  instead  of  a  year. 

(hies.  What  must  be  provided  in  addition  to  the 
machinery  required  to  supply  the  peak  load? 
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Fig.  2,719. — Load  curve  of  plant  supplying  power  for  the  operation  of  motors  in  a  manc- 
facturing  district.  The  horizontal  dotted  lines  show  suitable  power  ratings.  A  proper:-, 
designed  steam  plant  has  a  large  overload  capacity,  a  hydraulic  plant  has  a  small  ove 
capacity,  and  a  gasoline  engine  plant  has  no  overload  capacity.  Accordingly,  the  peak  of  the 
load  (maximum  load)  may  be  25  or  30  per  cent,  in  excess  of  the  rated  capacity  of  a  steam 
plant,  not  more  than  5  or  10  per  cent,  in  excess  of  the  rated  capacity  of  a  hydraulic  plant, 
not  at  all  in  excess  of  the  rated  capacity  of  a  gas  engine  plant. 


Ans.  Additional  units  must  be  installed  for  use  in  case  of 
repairs  or  break  down  of  some  of  the  other  units. 

EXAMPLE. — What  would  be  the  boiler  horse  power  required  to 
generate  5,000  kvv.  under  the  following  conditions:  Efficiency  of  gen- 
erators 8.5%;  efficiency  of  engines  90%;  feed  water  of  engines  and 
auxiliaries  15  lbs.  per  I.  H.  P.;  boiler  pressure  175  lbs.;  temperature 
of  feed  water  150°  Fahr?  With  a  rate  of  combustion  of  15  lbs.  of  coal 
per  sci.  f(>°t  of  grate  per  hour  and  an  evaporation  (from  and  at  212') 
of  8  lbs.  of  water  per  lb.  of  coal,  what  area  of  grate  would  be  required 
and  how  much  heating  surface? 

5,000  kw.  =  5,000  -H  .746  =  0,702  electrical  fiorse  power 
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To  obtain  this  electrical  horse  power  with  alternators  whose  efficiency 
is  85%  requires 

6,702    .85  =»7,88o  brake  horse  power  at  the  engine 

This,  with  mechanical  efficiency  of  90%  is  equivalent  to 

7,885  +. 9 =8,761  indicated  horse  power 

Since  15  lbs.  of  feed  water  are  required  for  the  engines  and  auxiliaries 
per  indicated  horse  power  per  hour,  the  total  feed  water  or  evaporation 
required  to  generate  5,000  kw.  is 

15X8,761  =  131,415  lbs.  per  hour. 

that  is  to  sav,  the  boilers  must  be  ot  sufficient  capacity  to  generate 
131,415  lbs.  of  steam  per  hour  from  water  at  a  temperature  of  150°  Fahr. 
This  must  be  multiplied  by  the  factor  of  evaporation  for  steam  at  175  lbs 
pressure  from  feed  water  at  a  temperature  of  150°,  in  order  to  get  the 
equivalent  evaporation  "from  and  at  2t2°" 


The  formula  for  the  factor  of  evaporation  is 

factor  of  evaporation  =  ....  (1) 

{TOO.  / 

in  which 

Hs total  heat  of  steam  at  the  observed  pressure; 
h  =  total  heat  of  feed  water  of  the  observed  temperature; 
1X>5.7  "latent  heat,  of  steam  at  atmospheric  pressure. 

Substituting  in  (1)  values  for  the  observed  pressure  and  tempera tur* 
as  obtained  from  the  steam  table 

factor  of  evaporation  =  ^^^  f^  =  1.117 

for  which  the  equivalent  evaporation  "jrom  and  at  2t2°"  is 
131.415X1.117  =  146,791  lbs.  per  hour 
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FACTORS  OF  EVAPORATION 


rap.  of 
I  water. 

• 
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One  boiler  horse  power  being  equal  to  an  evaporation  of  34  lbs.  of 
voter  from  a  feed  water  temperature  of  212°  Fahr.,  into  steam  at  the  same 
temperature,  the  boiler  capacity  is  accordingly 

148,105-5-34^=4,293  boiler  horse  power. 

The  rate  of  evaporation  is  given  at  8  lbs.  of  water  (from  and  at  212° 
Fahr.),  for  which  the  fuel  required  is 

148,105  -i-8  =  18,513  lbs.  of  coal  per  hour. 

For  a  rate  of  combustion  of  15  lbs.  of  coal  per  hour  per  square  foot 
of  grate, 

grate  area  =  18,513  -5-15  =  1,234  sq.  ft. 

For  stationary  boilers  the  usual  ratio  of  heating  surface  to  grate 
area  is  35:1,  accordingly  the  heating  surface  corresponding  to  this 
ratio  is 

1,234  X35  =  43,190  sq.  ft. 

The  above  calculation  is  based  on  a  rate  of  evaporation  of  8  lbs.  of 
water  per  lb.  of  coal  and  a  rate  of  combustion  of  15  lbs.  of  coal  per 
sq.  ft.  of  grate.  For  other  rates  the  required  grate  area  may  be  ob- 
tained from  the  following  table: 


GRATE  SURFACE  PER  HORSE  POWER  (KENT) 


Good  coal  and 


Pair    coal  or 


Poor    coal  or 


Lignite  and 
ooor  boiler 


Pounds 

of 
water 

from 
and  at 

212° 

pound 
of 
coal 


10 
9 


fS.Gl 


If 
}, 


4:, 


Pounds 
of 
coal 
per 
h.p. 
per 
hour 


Pounds  of  coal  burned  per  square  foot  of  grate 

per  hour 


10- 


12 


15 


20 


25  30 


3,1 


Square  feet  gr.itc  per  horse  power 


3.  to 

.43 

.  3  "> 

2< 

.23 

.  17 
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.11 

.  10 

.09 

3.83 

.48 

.3S 

.32 

.25 

.19 

.15 

.  13 

.  11 

.  10 

4. 

.50 
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.33 

.20 

.20 

.16 

.  13 

.  12 

.  10 

4.31 

.54 

.43 

.36 

.29 

.22 

.17 

.  14 

.  13 

11 

4.93 
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.49 

.41 

.33 

21 

.20 

.  17 

.  14 

.  12 

5. 
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.34 

.25 

.20 

.  17 

.  15 

.  13 

5.75 
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.  19 

.  17 

.  14 

6.9 
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.  <>H 
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.17 

10. 

1.25 

1.00 
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.67 

;50 

.40 

.33 
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.25 
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General  Arrangement  of  Station. — In  designing  an  elec- 
trical station,  it  is  preferable  that  whatever  rooms  or  divisions 
of  the  interior  space  are  desired  should  determine  the  total 


SAVING  DUE  TO  HEATING  THE  FEED  WATER 

showing  the  perecntag 
feed  water  heated  by  waste  steam. 


Table  showing  the  percentage  of  saving  for  each  degree  of  increase  in 

ited  b: 


Pressure  of  steam  in  boiler,  lbs.  per  so.  inch  above 

;pULu  p 
WHH  I 

> 
i 

Initial 

All!  Willi 

Initial 

of  feed 

0 

20 

40 

60 

80 

100 

120 

140 

160 

180 

200 

temp. 

of  feed 

32° 

.0872 

0861 

0855 

0851 

.0847 

.0844 

.0841 

.0839 

.0837 

.0835 

70833 

32 

40 

.0878 

.0867 

.0861 

.0856 

.0853 

0850 

.0847 

.0845 

.0843 

.0841 

.0839 

40 

60 

.0886 

.0875 

.0868 

.0864 

.0860 

.0857 

.0854 

.0852 

.0850 

.0848 

.0846 

50 

60 

.0894 

.0883 

.0876 

.0872 

.0867 

.0864 

.0862 

.0859 

.0856 

08o5 

.0853 

60 

70 

.0902 

.0890 

.0K84 

.0879 

.0875 

.  0872 

.0869 

.0867 

.0864 

.0862 

.0800 

70 

80 

.0910 

.  0898 

0891 

.0887 

.0883 

.0879 

.0877 

.0874 

.0872 

0870 

.0868 

80 

90 

.0919 

.0907 

09(H) 

.0895 

.0888 

.0887 

()884 

.0883 

.0879 

0877 

0875 

90 

100 

.0927 

.0915 

.0908 

.0903 

.085)9 

0895 

.0892 

.0890 

.0887 

.0885 

.0883 

100 

110 

.0936 

.0923 

.0916 

.091 1 

.0907 

.0903 

.0900 

.0898 

.0895 

0893 

.0891 

110 

120 

.0945 

.0932 

.0925 

0919 

.0915 

0911 

.0908 

.0906 

.0903 

.0901 

.0899 

120 

130 

.0954 

.0941 

.0954 

.0928 

0924 

0920 

.0917 

.0914 

.0912 

.0909 

.0907 

130 

140 

.0963 

.0950 

.0943 

.0937 

.0932 

.0929 

0925 

.0923 

.0920 

.0918 

.0916 

140 

150 

.0973 

.0959 

0951 

.0946 

.0911 

.0937 

.0934 

.0931 

.0929 

.0926 

.0924 

150 

160 

.0982 

.0968 

0961 

.0955 

.0950 

.0946 

.0943 

.0940 

.0937 

.0935 

.0933 

160 

170 

.0992 

.0978 

.0970 

.0964 

.095*) 

.0955 

.0952 

.0949 

.0946 

.0944 

.0941 

170 

ISO 

1002 

098S 

.0981 

.0973 

.0969 

.0965 

.0961 

.0958 

.0955 

.0953 

.0951 

180 

190 

1012 

0998 

.0989 

.0983 

.0978 

.0974 

.0971 

.0068 

.0964 

.  0968 

.0960 

190 

200 

.  1022 

.  1008 

.0900 

.0993 

.0988 

.0984 

.0980 
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.0984 
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outside  dimensions  of  the  plant  in  the  original  plans  of  the 
building  than  that  these  latter  dimensions  be  fixed  and  the 
rooms,  etc.,  be  fitted  in  afterward. 


NOTE. — An  approximate  rule  for  the  conditions  of  ordinary  practice  is  a  saving  of  1  pK 
cent,  made  by  each  increase  of  11°  in  the  temperature  of  the  feed  water.  This  correspond? 
to  .0909  per  cent,  per  depree.  The  calculation  of  saving  is  made  as  follows:  Boiler  pressure.  10f' 
H»s.  gauge;  total  heat  in  steam  above  32°=  1,185  B.T.U.  feed  water,  original  tempera!^ 
60°,  final  temperature  209° F.  Increase  in  heat  units.  150.  Heat  units  above  32°  in  feed  walrr 
of  original  temperature  =28.  Heat  units  in  steam  above  that  in  cold  feed  water.  1,185—28- 
1.157.  Saving  by  the  feed  water  heater  =  150 1,157  «  12.96  per  cent.  The  same  result  » 
obtained  by  the  use  of  the  table.  Increase  in  temperature  IStirX  tabular  figure  .0864  •  12 :•• 
per  cent.  Let  total  heat  of  1  lb.  of  steam  at  the  boiler  pressure  «=H;  total  heat  of  1  lb.  of  feeO 
water  before  entering  the  heater  =h',  and  after  passing  through  the  heater  then  the  savu* 

made  by  the  heater  is   ,  > 

H  —  ft 
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Under  usual  conditions  the  plans  of  an  electrical  station  are 
•eadily  drawn,  as  they  are  generally  of  a  simple  nature.  The 
mgines  and  generators  will  occupy  the  majority  of  the  space, 
md  these  are  usually  placed  in  one  large  room;  in  some  stations, 
however,  they  are  located  respectively  in  two  adjacent  rooms. 
Ihe  boilers  are  generally  located  in  a  room  apart  from  the  engines 


Pic.  2,720. — Floor  plan  of  an  electrical  station  having  a  belted  drive  with  counter  shaft. 

and  dynamos,  and  in  some  cases  a  separate  building  is  provided 
for  them;  the  pumps,  etc.,  must  be  installed  not  far  from  the 
boilers,  and  space  must  also  be  allowed  near  the  boilers  for  coal 
and  ashes. 

Fig.  2,720  shows  the  floor  plan  of  an  electrical  station,  in  which  a 
countershaft  and  belted  connections  are  used  between  the  engine* 

Digitized  by  Google 


1,938 


HAWKINS  ELECTRICITY 


generators.  Referring  first  to  the  plan  of  the  building  itself,  A  repre- 
sents the  engine  and  dynamo  room,  B  denotes  the  boiler  room,  C  the 
office,  D  the  store  room,  and  E  the  chimney  connected  with  the  boilers 
by  means  of  the  uptake  w.  Referring  next  to  the  apparatus  installed, 
S,  S,  S,  S  represents  a  battery  of  four  boilers;  these  are  connected  by 
steam  piping  VV  to  the  two  steam  engines,  M  and  M,  which  are  belted 
to  the  countershaft  O.  Belted  to  the  countershaft  are  the  generators, 
Tf  T,  T,  T,  the  circuits  from  which  are  controlled  on  the  switchboard,  H. 


Ques.  What  are  the  objections  to  the  arrangement 
shown  in  fig.  2,720. 

Ans.    The  large  space  required  by  the  belt  drive  especially 

BOILER 


COUNTER 
SHAFT 


y  Z  '■ " " '  ■' ' ' ' '  •      '  •  ' '  ^  ■*rr~;-+r* — t — — ? 


Fig.  2,7l'I.— KltvMtii.n  of  Nation  b  -vitifr  3  belted  drive  with  countershaft,  as  shown 
fin.  -\7J<>. 


in  plaata 


iii  locution  where  land  is  expensive.  Another  objection  is  the 
irirtii  »nal  loss  due.  U>  ihc  bell  drive  with  its  countershaft,  etc. 

Ques.   What  are  the  desirable  features  of  the  belt  drive? 

Ans.  High  speed  generators  may  be  used,  thus  reducing  thr 
first  cost,  and  the  multiplicity  of  speeds  and  flexibility  of  the 
system  resulting  from  the  use  of  a  friction  clutch. 

Thus  in  fig.  2,720,  each  pulley  may  be  mounted  on  the  counter  shaft 
O  with  a  friction  clutch.  A  jaw  clutch  may  also  be  provided  at  Z,  thus 
permitting  the  shaft  O  to  be  divided  into  two  sections.  It  is  therefor 
possible  by  this  arrangement  to  cause  either  of  the  engines  to  drive  an> 
one  of.  the  generators,  or  all  of  them,  or  both  of  the  engines  to  drive  all 
of  the  generators  simultaneously. 

Ques.  Under  what  condition  is  the  counter  shaft 
belt  drive  particularly  valuable? 
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Ans.  In  case  of  a  break  down  of  any  one  of  the  engines  or 
;enerators,  and  also  when  it  becomes  necessary  to  clean  them 
Mhout  interrupting  the  service. 


ic.  2.722. — Plan  of  station  arranged  for  extension.  The  space  required  for  a  central  station 
depends  upon  the  number  and  kind  of  lights  to  be  supplied,  and  upon  the  character  and 
arrangement  of  the  machinery.  In  calculating  the  size  of  building  required,  two  things 
must  be  carefully  considered:  first,  the  building  must  be  adapted  to  the  plant  to  be 
installed  in  the  beginning;  and  second,  it  must  be  arranged  $<»  that  enlargement  ran  be 
made  without  disarranging  or  interfering  with  the  plant  already  in  existence.  This  is 
usually  best  secured  by  providing  for  expansion  in  one  or  two  definite  directions,  the 
building  being  made  large  enough  to  accommodate  additional  units  that  wiU  be  necessary 
it  v^nie  future  time  btCTHMI  of  the  growth  of  the  community  and  <  <  qv.rrA  in.  reused 
demand  for  electric  current. 

Onus.    How  may  the  design  in  fig.  2,720  be  modified 
ar  the  installation  of  a  storage  battery? 

Ans.  If  a  storage  battery  be  necessary,  a  partition  may  be 
constructed  across  the  room  A,  as  indicated  by  the  dotted  lines, 
nd  the  battery  installed  in  the  room  thus  formed. 
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Ques.  Mention  a  few  details  in  the  general  arrange- 
ment of  the  building  fig.  2,720. 

Ans.    Two  doors  to  the  room  A  may  conveniently  be  pro- 
vided at  K  and  L,  the  former  connecting  with  the  boiler  room  B ,  and 
the  latter  serving  as  the  main  entrance  to  the  station.  There 
is  little  that  need  be  added  to  what  has  already  been  stated 
regarding  the  boiler  room  B.    The  door  at  F  provides  for  the 
entrance  of  coal  and  the  removal  of  ashes,  while  at  P,  the  pump 
and  heaters  may  conveniently  be  located.     In  the  office  C, 
visitors  may  be  received,  the  station  reports  made  out,  bulletins 
issued  from  time  to  time,  and  whatever  engineering  problems 
arise  may  here  be  solved  on  paper  by  the  engineer  in  charge  of 
|  the  plant.     The  store  room  D  will  be  found  convenient  for 
•  various  supplies,  tools  and  appliances  needed  in  the  operation 
■  of  the  station.    These  may  here  be  kept  under  lock  and  key 
,  and  the  daily  waste  and  loss  resulting  from  carelessness  avoided. 

Ques.  What  important  point  should  be  noted  in 
t  locating  the  engines  and  boilers? 

Ans.  They  should  be  so  placed  that  the  piping  between 
them  will  be  as  short  and  direct  as  possible. 

Ques.  Why? 

Ans.  The  steam  pipe  should  be  short  to  reduce  the  loss  of 
I  heat  between  engine  and  boiler  to  a  minimum,  and  both  short 

I1  and  direct  to  avoid  undue  friction  and  consequent  drop  in 
pressure  of  the  steam  in  passing  through  the  pipe  to  the  engine. 

Entirely  too  little  attention  is  given  to  this  matter  on  the  part  of 
designers  and  it  cannot  be  too  strongly  emphasized  that,  for  economy, 
the  steam  pipe  between  an  engine  and  l>oilcr  should  be  as  short  and 
direct  as  possible,  having  regard  of  course,  for  proper  piping  methods. 

L 

Ques.    What  should  be  provided  for  the  steam  pipe? 

Ans.    A  heavy  covering  of  approved  material  should  t 
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placed  around  the  pipe  to  reduce  the  loss  of  heat  by  radiatioi 
For  this  purpose  hair  felt,  mineral  wool  and  asbestos  are  usee 

Jl       RELIEF  VALVE. 


GATE  VALV 


AIR  PUMP  SHOULD  BEL 
THAN  BOTTOM  OF  COND 


AIR  PUMP 


Fig.  2,724. — View  of  engine  and  condenser,  showing  how  to  arrange  the  piping  to 
good  vacuum.   Local*  the  condenser  as  near  the  engine  as  possible;  use  easy  bends  n 
of  elbows;  place  the  pump  below  bottom  of  condenser  so  the  water  wiU  dratn  to  punf.  I 
A  is  a  relief  valve,  for  protection  in  case  the  condenser  become  flooded  through  fauuit 
the  pump,  and  at  B  is  a  gate  valve  to  shut  off  condenser  in  case  atmospheric 
desired  to  permit  repairs  to  be  made  to  condenser  during  operation.   A  water 
be  maintained  on  the  relief  valve  and  special  attention  should  be  given  to  the  stufk 
of  the  gate  valve  to  prevent  air  leakage.    The  discharge  valve  of  the  Pump  skomk 


Ques.    How  should  the  piping  be  arranged  between 
engine  and  condenser,  and  why? 

Ans.    It  should  be  as  short  and  direct  as  possible;  especial 
should  elbows  be  avoided  so  that  the  back  pressure  on  the  engbj 
«i«fv%n  will  be  reduced  as  near  as  can  be  to  that     the  condense' 
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That  is  to  say,  in  order  to 
get  nearly  the  full  effect  of  the 
vacuum  in  the  condenser  the 
factional  resistance  of  the  pip- 
ing should  be  reduced  to  a 
minimum. 

Where  90°  turns  are  neces- 
sary, easy  bends  should  be  used 
instead  of  sharp  elbows.  The 
force  of  this  argument  must  be 
apparent  by  noting  the  prac- 
tice of  steam  turbine  builders 
of  placing  the  turbine  right  up 
against  the  condenser,  and  re- 
membering that  a  high  vacuum 
is  necessary  to  the  economical 
working  of  a  turbine.  See  fig. 
1,445,  page  1,182. 


Qiies.  What  are  the 
"nsiderations  respect- 
ing the  number  and 
ype  of   engine  to  be 

lsed? 

Ans.  In  the  illustration 
g.  2,720,  two  engines  M 
nd  M'  are  employed,  one 
elted  to  each  end  of  the 
suntershaft  O.  These  en- 
incs  should  be  of  similar 
r  identical  pattern;  for  a 
nail  output  they  may  be 
ther  simple  or  compound, 
i  the  conditions  of  fuel  ex- 
mditure  may  dictate,  but 
the  output  be  large,  triple 
;pansion  engines  or  tur- 
nes  are  advisable. 


fill 
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Corliss  or  similar  slow  speed  engines  may  advantageously  be  used  in 
either  case.  In  all  cases  the  engine  should  be  run  condensing  unless  tk 
cost  for  circulating  water  is  prohibitive;  even  in  such  cases  cooing 
towers  may  be  installed  and  effect  a  saving. 

In  operation,  during  the  greater  part  of  the  day,  one  engine  runims 
two  or  perhaps  three  of  the  generators,  will  carry  the  load,  but  when  the 
load  is  particularly  heavy,  as  in  the  morning  and  evening,  both 
and  all  the  generators  may  be  required  to  meet  the  demands. 


NON-RETURN 
BOILER  5T0P  VALVE. 


ANGLE, 
VALVE 


H  EADER 

Fig.  2,726. — Method  of  connecting  a  header  to  a  battery  of  boilers.  Where  two  or  more  be** 
are  connected  to  a  single  header,  the  use  of  a  reliable  non-return  boiler  stop  valve  « 
cssary,  and  in  some  countries  their  installation  is  compulsory.   A  non-return  boiler 
valve  will  instantly  close  should  the  pressure  in  the  boiler  to  which  it  is  attached  sud^ 
decrease  below  that  in  the  header,  and  thereby  prevent  the  entrance  of  steam  frcro 
other  boilers  of  the  battery.  This  sudden  decrease  in  pressure  may  be  caused  by  a  rupw* 
fitting  or  the  blowing  out  of  a  tube,  in  which  event  an  ordinary  stop  valve  taking  the  p*^ 
of  a  non-return  boiler  stop  valve  would  be  inadequate,  as  the  loss  of  steam  from  the  c  ~*r 
boilers  of  the  battery  would  be  tremendous  before  an  ordinary  valve  could  be  n*'^» 
and  closed,  assuming  that  it  would  be  possible  to  do  so,  which  in  the  majority  of  caa* 
it  is  not.    Should  it  be  desired  to  cut  out  a  boiler  for  cleaning  or  repairs,  the  non-re^ 
boiler  stop  valve  will  not  j>ermit  steam  to  enter  the  boiler  from  the  header,  even  ikx* 
the  handwheel  be  operated  for  this  purpose,  as  it  cannot  be  opened  by  hand,  but  ofc 
however,  be  closed.  A  non-return  boiler  stop  valve  should  be  attached  to  each  boiler  «=» 
connected  to  an  angle  valve  on  the  header.  A  pipe  bend  should  be  used  for  connecting 
valves,  as  this  will  allow  for  expansion  and  contraction.    The  pipe  should  slope  a  M* 
downward  toward  the  header  and  a  suitable  drain  provided.  This  drain  should  be  opeca 
and  all  water  permitted  to  escape  before  the  angle  valve  is  opened,  thereby 
any  damage  due  to  water  ' 


By  exercising  a  little  ingenuity  in  shifting  the  load  on  different  machir^ 
at  different  times,  both  engines  and  dynamos,  may  readily  be  cleaned 
repaired  without  interrupting  the  service, 
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Ques.   For  economy  what  kind  of  steam  should  be  used  ? 

Ans.    Super-heated  steam. 

The  saving  due  to  the  use  of  superheated  steam  is  about  1%  for  every 
ten  degrees  Fahr.  of  super-heat.   It  should  be  used  in  all  cases. 

Ques.    How  should  the  machines  be  located? 

Ans.    Sufficient  space  should  be  allowed  between  them  that 
ing  and  repairing  may  be  done  easily,  quickly  and  effectually. 


Pigs. 

2,727  and  2,728. — Method  of  preventing  vibration  and  of  supporting  pipes.  The  figui 
show  top  and  side  views  of  a  main  header  carried  in  suitable  frames,  fitted  with  adjustable 
roller.  While  the  pipe  is  illustrated  as  resting  on  the  adjustable  rollers,  nevertheless  the 
rollers  may  also  be  placed  at  the  sides  or  on  top  of  the  pipe  to  prevent  vibration,  or  in 
cases  where  the  thrust  from  a  horizontal  or  vertical  branch  has  to  be  provided  for.  This 
arrangement  will  take  care  of  the  vibration  without  in  any  way  preventing  the  free  expan- 
ikm  and  contraction  of  the  pipe.  • 

Ques.    How  should  the  switchboard  be  located? 

Ans.  In  fig.  2,720,  the  switchboard  H  is  mounted  against  the 
wall  dividing  the  room  A  from  the  room  B,  and  is  in  line  with 
the  machines. 

The  advantages  arising  from  a  switchboard  thus  installed  are,  that 
the  switchboard  attendant  working  thereon  can  obtain  at  any  time  an 
unobstructed  view  of  the  performance  of  each  individual  machine,  and 
he  has  in  consequence  a  much  better  control  of  them;  then,  too,  while 
he  is  engaged  at  the  engines  or  generators  he  can  also  see  the  measuring 
instruments  on  the  switchboard,  and  ascertain  approximately  the 
readings  upon  them. 

In  cases  of  emergency  it  is  sometimes  necessary  for  the  engineer  in 
charge  of  a  plant  to  be  in  several  places  at  the  same  time  in  order  to 
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prevent  an  accident,  and  that  this  seemingly  impossibility  may  be 
approximated  as  nearly  as  possible,  it  is  essential  that  the  controlling 
devices  be  located  as  closely  together  as  is  consistent,  and  that  no  moving 
belt  or  pulley  intervene  between  them. 

These  conditions  are  well  satisfied  in  fig.  2,720,  and  owing  to  the 
short  distances  between  the  generators  and  the  switchboard  the  drop  of 
voltage  in  each  of  the  conducting  wires  between  them  will  be  low. 

This  latter  advantage  is  worthy  of  notice  in  a  station  generating  largej 
currents  at  a  low  pressure.  To  offset  the  advantages  just  mentioned, 
the  location  of  the  switchboard  in  line  with  the  machines  introduces 
an  element  of  danger  to  the  switchboard,  its  apparatus,  and  tM 


FlGS.  2.729  and  2,730. — Points  on  placing  stop  valves.  The  first  and  most  important  festg 
is  to  ascertain  whether  the  valve  will  act  as  a  water  trap  for  condensed  steam.  Fig.2J9 
illustrates  a  common  error  in  the  placing  of  valves,  as  this  arrangement  permit*  of* 
i  umulation  of  condensed  steam  above  the  valve  when  closed,  and  shoula  the  tags** 
\>v  careless  and  open  the  valve  suddenly,  serious  results  mi^ht  follow  owing  to  irsts* 
hammer.  F>k'.  2.73U  illustrates  the  correct  method  of  placing  the  valve.  It  KOttia* 
<•■  curs,  however,  that  it  is  not  convenient  to  place  the  valve  as  shown  in  fig.  2.730  and  M 
fiy.  2,729  i^  the  only  manner  in  which  the  valve  can  be  placed.  In  such  cases,  the  n!** 
should  have  a  drain,  and  this  drain  should  always  be  opened  before  the  large  vsto  * 
opened. 

attendant,  on  account  of  the  possible  bursting  of  a  flywheel  or  other 
parts  of  the  machines  from  centrifugal  force. 

If  the  switchboard  be  placed  in  the  dotted  position  at  H\  or,  in  h % 
at  the  opposite  end  of  the  room  A,  the  damage  to  life  and  property 
that  might  result  from  the  effects  of  centrifugal  force  would  be  elimi- 
nated, but  in  place  thereof  would  be  the  disadvantages  of  an  obstruct^ 
view  of  the  machines  from  the  switchboard,  an  obstructed  view  of  tb< 
switchboard  from  the  machines,  inaccessibility  between  these  two,  and 
a  greater  drop  of  voltage  in  the  majority  of  the  conducting  wires  between 
the  generators  and  the  switchboard. 
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Ques.  Describe  a  second  arrangement  of  station  with 
belt  drive  and  compare  it  with  the  design  shown  in  fig. 
2,720. 

Ans.  A  floor  plan  somewhat  different  from  that  presented 
in  fig.  2,720  is  shown  in  fig.  2,731.  Here  a  belt  drive  is  employed. 


PlC  2.731. — Plan  of  electrical  station  with  belt  drive  without  counter  shaft.  The  installation 
here  represented  consists  of  two  boilers,  S,  etc.,  and  three  sets  of  engines  and  generators. 
T  M,  etc.  Sufficient  allowance  has  been  made  in  the  plans,  however,  for  future  increase 
of  business,  as  additional  space  has  been  provided  for  an  extra  engine  and  generator  set, 
a*  indicated  by  the  dotted  lines. 

but  no  countershaft  is  used.  Each  generator,  therefore,  is 
dependent  upon  its  respective  engine,  and  in  consequence  the 
flexibility  obtained  by  the  use  of  a  countershaft  is  lost.  On  the 
other  hand,  there  is  less  loss  of  mechanical  power  between  the 
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engines  and  generators  in  the  driving  of  the  latter,  and  less  floor 
space  is  necessary  in  the  room  A.  If,  however,  the  floor  area 
of  this  room  be  made  the  same  as  in  the  previous  arrangement 
and  the  same  number  of  machines  are  to  be  installed,  they  may 
be  spaced  further  apart,  affording  in  consequence  considerably 
more  room  for  cleaning  and  repairing  them. 

In  operation,  the  normal  conditions  should  be  such  that  any  two  of 
the  engine  and  generator  sets  may  readily  carry  the  average  load,  the 
third  set  to  be  used  only  as  a  reserve  either  to  aid  the  other  two  when 
the  load  is  unusually  heavy  or  to  replace  one  of  the  other  sets  when  it 
becomes  necessary  to  clean  or  repair  the  latter. 

The  switchboard  may  perhaps  be  best  located  at  H,  as  a  similar  posi- 
tion on  the  opposite  side  of  the  room  A  would  bring  it  beneath  one  or 
more  of  the  steam  pipes  and  thus  endanger  it  should  a  p>ssible  leakage 
occur  from  these  pipes.  If  located  at  H,  however,  it  will  be  in  line  wkn 
the  machines,  and  therefore  will  be  subject  to  the  disadvantages  pre- 
viously mentioned  for  such  cases;  consequently  it  might  be  as  well  10 
place  it  at  the  further  end  of  the  room,  either  against  the  partition 
(shown  dotted)  of  the  storage  battery  room  if  this  be  built,  or  else  (if 
no  storage  battery  is  to  be  installed),  against  the  end  wall  itself.  The 
nearer  end  of  the  room  A  would  not  be  very  desirable  for  the  switch- 
board installation  on  account  of  being  so  far  removed  from  the  machine 
and  therefore  more  or  less  inaccessible  from  them.  Outside  of  whu: 
has  now  been  n.entioned,  the  division  of  the  floor  plan  and  the  arrange- 
ment therein  is  practically  the  same  as  in  fig.  2,720,  accordingly  whi; 
has  already  been  stated  regarding  the  former  installation  applies,  there- 
fore, with  equal  force  to  the  present  installation. 

Ques.   Describe  a  plant  with  direct  drive. 

Ans.  This  type  of  drive  is  shown  in  fig.  2,732.  Each  engine 
is  directly  connected  to  a  generator,  that  is,  the  main  shafts  oi 
both  are  joined  together  in  line  so  that  the  generator  is  driven 
without  the  aid  of  a  belt. 

Ques.    What  is  the  advantage  of  direct  drive? 

Ans.  The  great  saving  in  floor  space,  which  is  plainly  sho«u 
in  fig.  2,732,  the  portion  A'  representing  the  saving  which  re- 
sults over  the  installations  previously  illustrated  in  figs.  2,7:lU 
and  2,731. 
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Ques.   How  could  the  floor  space  be  further  reduced  ? 

Ans.    By  employing  vertical  instead  of  horizontal  engines. 

Ques.  What  should  be  done  before  drawing  the  plans 
for  the  station? 

Ans.  The  types  of  the  various  machines  and  apparatus  to 
be  installed  should,  as  nearly  as  possible,  be  selected  in  advance 


Fig.  2.732.— Plan  of  electrical  station  containing  direct  connected  units.    An  shown,  space  is 
provided  for  an  extra  boiler  and  engine  and  generator  set,  as  indicated  by  the  dotted  lines 
Space  also  exists  for  a  storage  battery  rwn  if  necessary,  and  the  partition  dividing  this 
room  from  the  engine  and  dynamo  room  is  shown  by  a  dotted  line  as  in  previous  cases 


so  that  their  approximate  dimensions  may  serve  as  a  guide  in 
drawing  up  the  plans  of  the  building. 

Owing  to  the  great  difference  in  these  dimensions  for  the  various 
types,  and  in  fact  for  the  same  types  as  manufactured  by  different 
no  definite  rules  regarding  the  necessary  space  required  * — 
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i  here  be  given.  In  a  general  way,  however,  the  author  has  endeavored 
to  indicate  by  the  drawings  the  relative  amounts  of  space  that  ordinarily 
would  be  considered  sufficient. 

Ques.   What  is  the  disadvantage  of  direct  drive? 

Ans.  A  more  expensive  generator  is  required  because  it  must 
run  at  the  same  speed  as  the  engine,  which  is  relatively  low  as 
compared  with  that  of  a  belted  generator. 

Station  Construction. — The  construction  or  rearrangement 
of  the  building  intended  for  the  plant  is  a  problem  that  under 
ordinary  conditions  would  be  solved  by  an  architect,  or  at  least 
by  an  architect  with  the  assistance  of  an  electrical  or  mechanical 
engineer,  still  there  are  many  installations  where  the  electrical 
engineer  has  been  compelled  to  design  the  building. 

In  such  instances  he  should  be  equipped  with  a  general 
knowledge  of  the  construction  of  buildings. 

Foundations. — The  foundation  may  be  either  natural  of 
artificial;  that  is,  it  may  be  composed  of  rock  or  soil  sufficiently 
solid  to  serve  the  purpose  unaided,  or  it  may  be  such  as  to  require 
strengthening  by  means  of  wood  or  iron  beams,  etc.  In  either 
case  any  tendency  toward  a  considerable  settling  or  shifting  of 
the  foundation  due  to  the  action  of  water,  frost,  etc.,  after  the 
station  has  been  completed  must  be  well  guarded  against.  To  1 
this  end  special  attention  should  be  given  to  the  matter  of  , 
drainage. 

Ques.   How  should  the  foundation  be  constructed  for 
the  machines?  ] 

Ans.  The  foundations  constructed  for  the  machines  should 
be  entirely  separate  from  that  built  for  the  walls  of  the  building 
so  that  the  vibrations  of  the  former  will  not  affect  the  latter. 
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If  there  be  several  engines  and  dynamos  to  be  installed,  it  is  best  to 
construct  two  foundations,  one  for  the  engines  and  one  for  the  dynamos. 
If,  however,  there  be  considerable  distance  between  the  units,  it  may 
be  advisable  to  build  a  separate  foundation  for  each  enginerand  for  each 
dynamo.  The  material  ot  which  these  foundations  are  composed  should 
it  the  machines  be  of  20  horse  power  or  over,  possess  considerable  strength 
and  be  impervious  to  moisture.  Brick,  stone  and  concrete  are  desirable 
for  the  purpose,  and  only  the  best  quality  of  cement  mortar  should  be 
employed.  Care  must  be  taken  that  lime  mortar  is  not  used  in  place 
of  cement  mortar,  as  the  former  is  not  well  adapted  to  withstand  the 
vibrations  of  the  machines  without  crumbling. 
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733. — Angle  for  foundation  footing.  In  Ordinary  practice  the  footing  courses  upon 
lich  the  wall*  of  the  building  proper  rest,  consist  of  blocks  or  slabs  of  stone  as  large  as 
are  available  and  convenient  to  handle.  Footings  of  brick  or  concrete  are  also  used  in 
very  soft  soils;  footings  consisting  of  timber  grillage  are  often  employed.  A  grillage  of 
iron  or  steel  beams  has  also  been  used  successfully.  The  inclination  of  the  angle  <fi,  of 
footing  should  be  about  as  follows:  for  metal  footings  7">°;  for  stone.  60°;  for  concrete, 
lor  brick,  30°.  Damp  proof  courses  of  slate,  or  layer  of  asphalt  arc  laid  in  or  on  the 
oos  or  lower  walls  to  prevent  moisture  arising  or  penetrating  by  capillary  attraction. 


Ones.    Describe  a  method  of  constructing  foundations. 

Ans.    An  excavation  is  made  to  the  desired  depth  and  a  form 
corresponding  to  the  desired  dimensions  for  the  founda- 
A  template  is  placed  on  top  locating  all  the  centers, 
vith  iron  pipes  suspended  from  these  centers,  two  or  three  sizes 
than  the  anchor  bolts.    At  the  lower  end  of  the  pipes  are 
»oxes.    Concrete  is  poured  into  the  mould  thus  formed. 
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and  when  hard,  the  forms  are  removed  thus  leaving  the 
foundation.  The  anchor  bolts  are  inserted  through  the  pipe* 
and  passed  through  iron  plates  at  the  lower  end  as  shown  in 
fig.  2,734,  being  secured  by  nuts.  By  using  pipe  of  two  or  three 
bolt  diameters  a  margin  is  provided  for  adjustment  so  the  boltj 
will  pass  through  the  holes  in  the  frame  of  the  machine  thai, 
allowing  for  any  slight  errors  in  laying  out  the  centers  on  the 
template. 
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Fig.  2,734. — Concrete  foundation  showing  method  of  installing  the  anchor  bolts. 


Ques.  What  is  the  object  of  the  openings  in  the  bottom 
of  the  foundation  ? 

Ans.  In  case  of  a  defective  bolt  it  may  be  replaced  by  £ 
new  one  without  injury  to  the  foundation. 

Walls.— Regarding  the  material  for  the  walls  of  the  statktr 
iron,  stone,  brick  and  wood  may  be  considered.  Of  these,  iron 
in  the  form  of  sheets  or  plates  would  be  entirely  fireproof,  bait 
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nng  itself  a  conductor  would  introduce  difficulties  in  main- 
ining  a  high  insulation  resistance  of  the  current  carrying 
rcuits;  it  would  also  make  the  building  difficult  to  heat  in 
inter  and  to  keep  cool  in  summer.  Stone  in  the  form  of  lime- 
one,  granite  or  sandstone,  as  a  building  material  is  desirable 
r  solidity  and  attractiveness;  it  is  also  fireproof  and  an  insu- 
tor,  but  the  high  cost  of  such  a  structure  for  an  electrical 
ation  usually  prohibits  its  use  except  in  private  plants  or  in 
ectrical  stations  located  in  large  cities. 


c  2,735- — View  showing  part  of  template  for  locating  anchor  bolt  centers,  pipes  through 
which  the  bolts  pass  and  bolt  boxes  at  lower  end  of  bolts.  The  completed  foundation  is 
shown  in  fig.  2,734,  with  template  removed.  The  template  is  made  of  plain  boards  upon 
which  the  center  lines  are  drawn,  and  bolt  center  located.  Holes  arc  bored  at  the  bolt 
centers  to  permit  insertion  of  the  pipes  as  shown. 

Brick  is  a  good  material  and  is  readily  obtained  in  nearly  all 
irts  of  the  country;  it  is  comparatively  cheap,  and  is  also  an 
sulating  and  fireproof  material.  The  bricks  selected  for  this 
irpose  should  possess  true  sharp  edges,  and  be  hard  burned. 

Ques.   What  are  the  features  of  wood? 

Ans.  Wood  forms  the  cheapest  material  that  can  be  used 
r  the  walls  of  electrical  stations,  and  it  usually  affords  satis- 
ctiort.  but  has  the  disadvantage  of  high  fire  risk. 
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Roofs. — In  fig.  2,736  is  shown  one  form  of  construction  fo: 
the  roof  of  an  electrical  station.  The  end  view  here  presentee 
shows  the  upper  portion  of  the  walls  at  B  and  D;  these  suppor 
the  iron  trusses  C,  and  the  roof  proper  MN.  In  many  station; 
there  is  provided  throughout  the  length  of  the  building,  a  monitor 
or  raised  structure  on  the  peak  of  the  roof  for  ventilation  ant 
light.  The  end  view  of  the  monitor  is  shown  at  S  in  the  figure 
its  sides  should  be  fitted  with  windows  adjustable  from  the  floor 


1  lours.  Iho  liuor  oi  the  biatiou  should  be  so  designed  thai 
it  will  be  capable  of  supporting  a  reasonable  weight,  but  as  the 
weights  of  the  machines  are  borne  entirely  by  their  respective 
foundations  the  normal  weight  upon  the  floor  will  not  be  great 
for  short  periods,  however,  it  may  be  called  upon  to  support  one 
or  two  machines  while  they  are  being  placed  in  position  ox 
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interchanged,  and  due  allowance  must  be  made  for  such 
ccurrences. 

Station  floors  for  engine  and  dynamo  rooms  are,  as  a  rule, 
instructed  of  wood.  Where  very  high  currents  are  generated, 
:  owever,  insulated  floors  of  special  construction  mounted  on 

lass  are  necessary  as  a  protection  from  injurious  shocks.  Brick, 
.  :racrete,  cement,  and  other  substances  of  a  similar  nature  are 


THEORETICAL  DRAFT  PRESSURE  IN  INCHES  OF  WATER  IN 

A  CHIMNEY  100  FEET  HIGH 

(For  other  heights  the  draft  varies  directly  as  the  height) 
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tjectionable  as  a  floor  material  for  engine  and  dynamo  rooms 
m  account  of  the  grit  from  them,  caused  by  constant  wear, 
>eing  liable  to  get  into  the  bearings  of  the  machines. 

Where  there  are  no  moving  parts,  however,  as  in  the  boiler 
oom,  the  materials  just  mentioned  possess  no  disadvantages 
nd  are  preferable  to  wood  on  account  of  being  fireproof. 


Chimneys. — These  are  generally  constructed  of  brick  and 
run,  sometimes  of  concrete.   Iron  chimneys  cost  less  than  brick 
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himneys,  necessitate  less  substantial  foundations,  and  are 
ree  from  the  liability  of  cracking.  They  must  be  painted  to 
trevent  corrosion,  are  less  substantial,  and  lose  considerably 
nore  heat  by  radiation  than  do  brick  chimneys. 
Both  brick  and  iron  chimneys,  require  an  inner  wall  or  lining 
i  brick,  which  forms  the  flue  proper,  and  in  order  that  this  wall 
not  cracked  by  sudden  cooling  an  air  space  is  left  between  it 
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i— Curves  showing  comparative  costs  of  chimney  ami  mci  hanical  draft.  In  certain 
bese.  the  cost  of  the  existing  chimney  is  k-        ,  and  th  -  mechanical 

t  plant  is  estimated,  while  in  ot  hers,  tlx  :  ,il  «!:  tionisdeter- 

from  the  contract  price,  and  the  exp«-:  <  of  .«  i  himnry  t  •  prndu<  e  <  juivalent  re- 
ts calculated.    Costs  are  shown  for  both  sin^lr.  forred  an  1  induced  engine  driven 
•ad  for  duplex  engine  driven  plai  whi<  -a  relay.  An 

of  the  latter  type  is  the  mosl  siv<  ,  and  •  itest  use  where 

are  employed. 


d  the  outer  wall.  In  a  brick  chimney  the  inner  wall  need  not 
tend  much  beyond  half  the  height  of  the  chimney,  but  when 
Wk  is  used  it  should  reach  to  the  top. 

Digitized  by  Google 


1,958 


HAWKINS  ELECTRICITY 


Ques.  Upon  what  does  the  force  of  natural  draugh 
in  a  chimney  depend  ? 

Ans.  It  depends  upon  the  difference  between  the  weight  c 
the  column  of  hot  gases  inside  the  chimney  and  the  weight  < 
a  like  column  of  the  cold  external  air. 


Figs.  2,739  and  2,740. — Substituting  mechanical  draught  in  place  of  chimney.    The  r*4j 
proprotions  of  a  brw  k  chimnev,  and  of  the  smoke  pipe  required  when  mechanical  drsi 
duced  are  foi  shown  in  the  illustrations,  which  show  the  works  of  the  H 

Sturtevant  Co.,  at  I  un.ma  Plain.  Mass.    The  removal  of  the  boilers  to  a  position  tc4 
d  •  ml  from  the  existing  chimney  to  permit  of  its  longer  fulfilling  its  office,  led  ta 
substitution  of  an  induced  draft  fan  and  the  subsequent  removal  of  the  chimney, 
present  stack  «>r  smoke  pipe,  barely  visible  in  fip.  2,740,  extends  only  31  feet  abovo 
ground*  and  no  tnjuble  is  experienced  from  smoke. 

Ques.    How  is  the  intensity  of  the  draught  expressed  i 

Ans.  In  terms  of  the  number  of  inches  of  a  water  colu 
sustained  by  the  pressure  produced. 
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Ques.   Are  high  chimneys  necessary? 

Ans.  No. 

Chimneys  above  150  feet  in  height  are  very  costly,  ,  and  their  increased 
cost  is  not  justified  by  increased  efficiency. 
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741  to  2.744. — Installation  of  forced  draft  system  to  old  boiler  plant.  The  figures 
^ustrate  the  simplest  method.  The  f  in  which  is  of  steel  plate  with  direct  connected 
double  cylinder  engine,  is  placed  immediately  over  the  end  of  a  brick  duct  into  which  the 
«r  is  discharged.  This  duct  is  carried  under  ground  across  the  front  of  the  boilers,  to 
the  ash  pits  of  each  of  which  connection  is  made  through  branch  ducts.  Each  branch 
fact  opening  is  provided  with  special  ash  pit  damper,  operated  by  notched  handle  bar, 
u  illustrated  in  the  detail.  This  method  of  introduction  serves  to  distribute  the  air  within 
the  ash  pit,  and  to  secure  even  flow  through  the  fuel  upon  the  grate  above.  Of  course,  the 
uh  pit  doors  must  remain  closed  in  order  to  bring  about  this  result.  A  chimney  of  suffi- 
cient height  to  merely  discharge  the  gases  above  objectionable  level  is  all  that  is  absolute!/ 
necessary  with  this  arrangement.  Although  the  introduction  of  a  fan  in  an  old  plant  is 
usually  evidence  of  the  insufficiency  of  the  existing  chimney  to  meet  the  requirements, 
such  a  chimney,  will,  however,  usually  serve  as  a  discharge  pipe  for  the  gases  when  the 
fan  is  employed.  The  fan  thus  becomes  more  than  a  mere  auxiliary  to  the  chimney;  it 
practically  supplants  it  so  far  as  the  method  of  draught  production  is  concerned. 


The  latest  chimney  practice  is  to  build  two  or  more  small  chimneys 
instead  of  one  large  one.  A  notable  example  is  the  Spreckels  Sugar 
Refinery  in  Philadelphia,  where  three  separate  chimneys  are  used  fo- 
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one  boiler  plant  of  7,500  horse  power.  The  three  chimneys  are : 
have  cost  several  thousand  dollars  less  than  an  equivalent  single  c" 

Very  tall  chimneys  have  been  characterized  by  one  writer  as  " 
uments  to  the  Jolly  of  their  builders." 


CHIMNEY 


ECONOMIZERS 


ECONOMIZERS 


Pics.  2,745  and  2.746. — Comparison  of  chimney  draft  and  mechanical  draft.  The 

tions  show  a  plant  of  2.400  H.  P.  of  modern  water  tube  toilers.  12  in  number,  set  in 
equipped  with  economizers.    Fig.  2,745  indicates  the  location  of  a  chimney,  9  B* 
internal  diameter  by  1H0  feet  hitfh.  designed  to  fur.iish  the  necessary  draft;  nf» 
represents  the  same  plant  with  a  complete  duplex  induced  draught  apparatus  sot- ■ 
for  the  chimney,  and  placed  al>ove  the  economizer  connections.  Each  of  the  two «■ 
driven  by  a  special  engine*  direct  connected  to  the  fan  shaft,  and  each  is  capabk><» 
ducing  draft  for  the  entire  plant.   A  short  steel  plate  stack  unites  the  two  fan  ouuWI 
discharges  the  gases  just  alx>ve  the  boiler  house  roof.    All  of  the  room  necessary  •* 
chimney  is  saved,  and  no  valuable  space  is  required  for  the  fans. 

Ques.    How  is  mechanical  draft  secured? 

Ans.    In  two  ways,  known  respectively  as  induced  dra 
and  forced  draught. 

Ques.    Describe  the  method  of  induced  draft. 

Ans.    A  fan  is  located  in  the  smoke  flue,  and  which 
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operation  draws  the  gases  through  the  furnace  and  discharges 
them  into  a  short  chimney. 

Ques.    Describe  the  method  of  forced  draft. 

Ans.  In  this  method,  air  is  forced  into  the  furnace  under- 
neath the  grate  bars  by  means  of  a  fan  or  a  steam  jet  blower. 


&  2747. — Porccd  draft  plant  with  hollow  bridge  wall  at  the  Crystal  Water  Co..  Buffalo 
N.  Y.  The  air  is  delivered  to  the  ash  pit  via  the  hollow  bridge  wall.  being  supplied  under 
pressure  by  the  blower  seen  at  the  side  of  the  boiler  setting.  As  shown,  the  blower  is 
operated  by  a  small  reciprocating  engine;  however,  compact  blowing  units  with  steam 
turbine  drive  can  be  had  and  which  are  designed  to  be  placed  in  the  boiler  setting. 


Ques.    What  is  the  application  of  the  two  systems? 

Ans.    Induced  draft  is  installed  mostly  in  new  plants,  while 
reed  draft  is  better  adapted  to  old  plants. 

Steam  Turbines. — It  is  not  the  author's  intention  to  discuss 
length  the  steam  end  of  the  electric  plant,  because  too  much 
•ace  would  be  required,  and  also  because  the  subject  belongs 
operly  to  the  field  of  mechanical  engineering  rather  than 
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Fig.  2,748. — Longitudinal  section  of  elementary  Parsons  type  steam  turbine.    The  tor'<n« 
consists  essentially-  of  a  fixed  casing,  or  cylinder,  and  a  revolving  spindle  or  drum.  Tht 
ends  of  the  spindle  are  extended  in  the  form  of  a  shaft,  carried  in  two  bearings  A  and  B. 
and,  excepting  the  small  parts  of  the  governing  mechanism  and  the  oil  pump,  these  bear- 
ings are  the  only  rubbing  parts  in  the  entire  turbine.   Steam  enters  from  the  steam  pipe 
at  C  and  passes  through  the  main  throttle  or  regulating  valve  D,  which,  as  actually  con- 
structed, is  a  balanced  valve.    This  valve  is  operated  by  the  governor  through  suitar  > 
controlling  mechanism.  The  steam  enters  the  cylinder  through  the  passage  E  and.  taTBttd 
to  the  left  passes  through  alternate  stationary  and  revolving  rows  of  blades,  finally  emerg- 
ing from  them  at  F  and  flowing  through  the  connection  G  to  the  condenser  or  to  the 
atmosphere,  depending  upon  whether  the  turbine  is  condensing  or  non -condensing.  Each 
row  or  blades,  both  stationary  and  revolving,  extends  completely  around  the  turbine  an4 
the  steam  flows  through  the  full  annulus  between  the  spindle  and  the  cylinder.    In  as 
ideal  turbine  the  lengths  of  the  blades  and  the  diameter  of  the  spindle  which  carries  th<-i 
would  continuously  and  gradually  increase  from  the  steam  inlet  to  the  exhaust.  Prac- 
tically, however,  the  desired  effect  is  produced  by  making  the  spindle  in  steps,  there  beta* 
generally  three  such  steps  or  stages,  H,  J  and  K.    The  blades  in  each  step  are  arrant 
in  groups  of  increasing  length.    At  the  beginning  of  each  of  the  larger  steps,  the  bUdd 
are  usually  shorter  than  at  the  end  of  the  preceding  smaller  step,  the  change  being  rca& 
in  such  a  way  that  the  correct  relation  of  blade  length  to  spindle  diameter  is  secured 
The  steam,  acting  as  previously  described,  produces  a  thrust  tending  to  force  the  sp.nrf* 
toward  the  left,  as  seen  in  the  cut.   This  thrust,  however,  is  counteracted  by  the  "balas* 
pistons,"  L,  M  and  N,  which  are  of  the  necessary  diameter  to  neutralize  the  thrust  on  tbl 
spindle  steps,  H.  J  and  K,  respectively.    These  elements  are  called  "pistons"  for  ct> 
venicm  e.  although  they  do  not  come  in  contact  with  the  cylinder,  but  both  the  pistonsa-i 
the  cylinder  are  provided  with  alternate  rings  which  form  a  labyrinth  packing  to  rrtinJ 
the  leakage  of  steam.    In  order  that  each  balance  piston  may  have  the  proper  pressure  on 
both  sides,  equalizing  passages  O,  P  and  O  are  provided  connecting  the  balance  pistra 
with  the  corresponding  stages  of  the  blading:     The  end  thrust  being  thus  practicil> 
neutralized  by  means  of  the  balance  pistons,  the  spindle  "floats"  so  that  it  can  be  eastiy 
moved  in  one  direction  or  the  other.    In  order  to  definitely  fix  the  position  of  the  spindk 
a  small  adjustable  collar  bearing  is  provided  at  R,  inside  the  housing  of  the  main  bearir.*:  B 
This  collar  Ijearing  is  adjustable  so  as  to  locate  and  hold  the  spindle  in  such  position  ■ 
that  there  will  be  such  a  clearance  '>etween  the  rings  of  the  balance  piston  and  tnose  of  th 
cylinder,  that  the  leakage  of  steam  will  be  reduced  to  a  minimum  and,  at  the  same  ti^: 
prevent  actual  contact  under  varying  conditions  of  temperature.     Where   the  B* 
passes  out  of  the  cylinder,  at  S  and  T.  it  is  necessary  to  provide  against  in -leakage  of  *ff 
or  out-leakage  of  steam  by  means  of  glands.    These  glands  arc  made  tight  by  water  pa-i- 
ing  without  metallic  contact.    The  shaft  of  the  turbine  is  extended  at  U  and  coupled  ^ 
the  shaft  of  the  alternator  by  means  of  a  flexible  coupling.    The  high  pressure  turbtf^ 
are  so  proportioned  that,  when  using  steam  as  previously  described,  they  have  ertnc*3 
capacity  to  take  care  of  the  ordinary  fluctuations  of  load  when  controlled  by  the  govern 
through  the  valve  D,  thus  insuring  maximum  economy  of  steam  consumption  at  a> 
proximately  the  rated   load.    To  provide  for  overloads,  the  valve  V  is  supplird  '•" 
admit  steam  to  an  intermediate  stage  of  the  turbine.    This  valve  shown  diagrammao- 
cally  in  the  illustration,  is  arranged  to  be  operated  by  the  governor  and  is,  according  to 
cumstances,  located  either  as  shown  by  the  illustration,  or  at  another  stage  of  the  turbaa. 
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blectrical  engineering.  However,  because  of  the  recent  intro- 
duction of  the  steam  turbine  for  the  direct  driving  of  large 
jgenerators,  and  the  fact  that  it  is  now  almost  universally  used  in 
Jarge  central  stations,  a  detailed  explanation  of  its  principles  and 
construction  may  not  be  out  of  place. 

A  turbine  is  a  machine  in  which  a  rotary  motion  is  obtained 
by  transference  of  the  momentum  of  a  fluid  or  gas.    In  general 


bt  □ 

I  < 

9  ffl 


S 


ftc.  2,749. — Arrangement  of  blading  in  Parsons  type  turbine,  consisting  of  altrrnate 
*nd  stationary  blades.    The  path  taken  by  the  steam  is  indicated  by  the  arrows 


moving 


the  fluid  is  guided  by  fixed  blades,  attached  to  a  casing,  and. 
impinging  on  other  blades  mounted  on  a  drum  or  shaft,  causing 
the  latter  to  revolve. 

Turbines  are  classed  in  various  ways  as  ':  1,  radial  flow,  when 
the  steam  enters  near  the  center  and  escapes  toward  the  cir- 
cumference; and  2,  parallel  flow,  when  the  steam  travels  axially 
or  parallel  to  the  length  of  the  turning  body. 

Turbines  are  commonly,  yet  erroneously  classed  as: 

1.  Impulse; 

2.  Reaction. 
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Ques.  What  is  the  distinction  between  these  two 
types? 

Ans.  In  the  so  called  impulse  type,  steam  enters  and  leaves 
the  passages  between  the  vanes  at  the  same  pressure.  In  the  so 
called  reaction  type,  the  pressure  is  less  on  the  exit  side  of  the 
vanes  than  on  the  entrance  side. 

Fig.  2,750  is  a  sectional  view  of  the  Parsons- Westinghouse  parallel 
flow  turbine.  Steam  from  the  boiler  enters  first  a  receiver  in  which  are 
the  governor  controlled  admission  valves.  These  valves  are  actuated 
by  a  centrifugal  governor. 


FlG.  2,750. — Sectional  view  of  Parsons- Westinghouse  turbine,  showing  rotor  and  governor. 

Steam  does  not  enter  the  turbine  in  a  continuous  blast,  but  intermittently, 
or  in  puffs.  The  speed  regulation  is  therefore  accomplished  by  pro- 
portioning the  duration  of  these  puffs  to  the  load  of  the  engine,  this 
being  effected  by  the  governor,  fig.  2,752. 

The  governor  of  the  turbine  has  only  to  move  a  small  pilot  valve 
or  slide,  E,  which  admits  steam  under  the  piston  F,  and  lifts  the  throttl*. 
valve  proper  off  its  scat. 

As  soon  as  the  pilot  valve  closes,  the  spring  shifts  the  main  throttl* 
valve.  Thus,  at  light  loads,  the  main  throttle  or  admission  valve  t 
continually  opening  and  shutting  at  uniform  intervals,  the  length  o 
time  during  which  it  remains  open  depending  upon  the  load. 

As  the  load  increases,  the  duration  of  the  valve  opening  also  increases 
until  at  full  load  the  valve  does  not  reach  its  seat  at  all  and  the  steari 
flows  steadily  through  the  turbine.  The  steam  thus  admitted  flow 
into  the  annular  passage  A,  fig.  2,750,  by  the  opening  S,  and  then  pas 
the  blades,  revolving  the  rotor. 
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When  the  load  increases  above  the  normal  rated  amount  a  secondary 
pilot  valve  is  moved  by  the  same  means,  this  in  turn  admitting  steam 
to  a  piston,  similar  to  F,  which  lifts  another  throttle  valve.  This  admits 
steam  into  the  annular  space  I,  so  that  it  acts  upon  the  larger  diameter 
of  the  drum  or  rotor,  giving  largely  increased  power  for  the  time  being. 

The  levers  or  arms  of  the  governor  are  mounted  upon  knife  edges 
instead  of  pins,  making  it  extremely  sensitive.  The  tension  spring  may 
be  adjusted  by  hand  while  the  turbine  is  running. 

The  governor  does  not  actually  move  the  pilot  valve,  but  shifts  the 
point  L  in  fig.  2,752.  A  reciprocating  motion  is  given  to  the  rod  I  by  a 
small  eccentric  on  the  governor  shaft;  this  is  driven  by  worm  gearing 
shown  near  O  in  fig^  2,750,  so  that  the  eccentric  makes  one  revolution 
to  about  eight  of  the  turbine.    Thus,  with  a  turbine  running  1,200 
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Flo.  2,751. — Sectional  view  of  a  combination  impulse  and  reaction  single  flow  turbine.  This 
is  a  modification  of  the  single  flow  type,  in  which  the  smallest  barrel  of  reaction 
blading  is  replaced  by  an  impulse  wheel.  Steam  is  admitted  to  the  nozzle  block  A,  is 
expanded  in  the  nozzles  and  discharged  against  a  portion  of  the  periphery  of  the  impulse 
wheel.  ^  The  intermediate  and  low  pressure  stages  are  identical  with  the  corresponding 
stages  in  the  single  flow  type.  The  substitution  of  the  impulse  element  for  the  high 
pressure  section  01  reaction  blading  has  no  influence  one  way  or  another  on  the  efficiency. 
That  is  to  say  the  efficiency  of  an  impulse  wheel  is  about  the  same  at  the  least  efficient 
section  of  reaction  blading.  This  design  is  attractive,  however,  in  that  it  shortens  th<* 
machine  materially,  and  gives  a  stiffer  desirm  of  rotor.  The  entering  steam  is  confined 
in  the  nozzle  chamber  until  its  pressu-e  and  temperature  have  been  materially  reduced 
by  expanding  through  the  nozzles.  As  the  nozzle  chamber  is  cast  separately  from  the 
main  cylinder,  the  temperature  an  1  pressure  differences  to  which  the  cylinder  is  subjected 
are  correspondingly  lessened.  Howcr,  t  rob  bly  on  account  of  its  small  diameter  at  the 
high  pressure  section,  the  straight  Parsons  type  has  always  shown  itself  to  be  adequate 
for  all  of  the  steam  pressures  and  temperatures  encountered  in  ordinary  practice. 

revolutions,  the  rod  I  would  be  moved  up  and  down  150  times  per  minute. 
As  the  points  A  and  H  are  fixed,  the  motion  is  conveyed  to  the  small 
pilot  valve  E,  thus  giving  150  puffs  a  minute.  The  governor  in  shifting 
the  point  L  brings  the  edge  of  the  pilot  valve  nearer  the  port  and  so 
cuts  off  the  steam  earlier. 

The  annular  diameter  or  space  between  the  rotor  and  the  stator  is 
gradually  increased  from  inlet  to  exhaust,  the  blades  being  made  longer 

in  each  ring.    When  the  mechanical  limit  is  reached,  the  diameter  of 
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the  rotor  is  increased  as  at  I  and  D  so  as  to  keep  the  length  of  blade 
within  bound. 

Balance  pistons  as  at  B,  C,  F  are  attached  to  the  rotor,  their  office 
being  to  oppose  end  thrust  upon  those  blades  in  corresponding  diamete: 
of  the  rotor.  Communication  is  established  through  the  passage  V 
and  pipe  M  between  the  eduction  pipe  and  the  back  of  these  pistons, 
thus  increasing  the  efficiency  of  their  balancing  and  also  taking  care  of 
any  leakage  past  them. 

A  small  thrust  bearing  T  prevents  end  play  of  the  rotor,  and  is 
justable  to  maintain  the  proper  clearance  between  the  rings  of  bte 
this  varies  from  Y%  inch  at  the  admission  to  1  inch  at  the  exhaust.  Tbss 
bearing  also  takes  up  any  extra  unbalanced  thrust.  A  turbine  should 
operate  with  a  high  vacuum,  because  without  this  it  does  not  compare 
favorably  with  an  ordinary  reciprocating  engine  from  the  poin  t  of  economy. 


PlG.  2,752.— Sectional  view  of  governor  of  the  Parsons- W< 


Separate  air  pumps  are  provided  to  create  the  vacuum. 

Where  the  ordinary  type  of  vertical  air  pump  is  employed,  a 
or  vacuum  increaser  is  added,  as  nothing  below  26  inches  is  advisaK 
28  and  29  inches  being  always  striven  for.    It  is  also 
to  use  a  certain  amount  of  superheat  with  steam  turbines. 

To  assist  in  producing  the  high  vacuum,  exhaust  passages  are  ntt- 
large,  the  eduction  passage  E  in  fig.  2,750  being  nearly  twenty-th; 
times  the  area  of  the  steam  pipe. 

Among  other  details,  a  noteworthy  feature  is  a  small  oil  pump  £ 
v  nich  circulates  oil  through  bearings  of  the  machinery,  the  oil  hrM 
drawn  from  the  tank  under  the  governor  shaft  and  gravitating  tto* 
after  use.  No  pressure  of  oil  is  employed.  Stuffing  rings  prevent  leak 
a^e;  these  consist  of  alternate  grooves  and  collars  in  shaft  and  beanafc 
"  ce  the  grooves  in  an  indicator  piston. 
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Ques.   Why  is  a  high  vacuum  desirable? 

Ans.  Because  the  turbine  is  capable  of  expanding  the  steam 
fo  a  very  low  terminal  pressure,  and  this  is  necessary  for 
'eonomy. 

Ques.  What  may  be  said  of  the  working  pressures 
for  turbines  ? 

Ans.  To  meet  the  varied  conditions  of  service,  turbines  are 
iesigned  to  operate  with:  1,  high  pressure,  2,  low  pressure,  or  3, 
nixed  pressure. 

Impure  wheel        fff^V       m.  Reaction  Element 


*  I  --  Exhaust 

2  753. — Sectional  view  of  a  double  flow  turbine.  The  maximum  economical  capacity  of  a 
s  ngle  flow  turbine  ia  limited  by  the  rotative  speed.  The  economical  velocity  at  which  the 
steam  may  pass  through  the  blades  of  the  turbine  depends  on  the  velocity  of  the  moving 
blades.  The  capacity  of  the  turbine  depends  on  the  weight  of  the  steam  passed  per  unit 
of  time,  which  in  turn  depends  on  the  mean  velocity  and  the  height  of  the  blades.  For 
a  given  rotative  speed,  the  mean  diameter  of  blade  ring  practicable  is  limited  by  the 
allowable  stresses  due  to  centrifugal  force,  and  there  is  a  practical  limit  for  the  height  of  the 
blades.  Now  if  the  rotative  speed  be  taken  only  half  as  great,  the  maximum  diameter  of 
the  rotor  may  be  doubled  ana,  without  increasing  the  height  of  the  blades,  the  capacity 
of  the  turbine  will  be  doubled.  So  with  the  single  flow  steam  turbine  as  well  as  with  the 
single  crank  reciprocating  engine,  there  is  a  practical  limiting  economical  capacity  for  any 
given  speed.  If  this  limit  be  reached  with  a  single  crank  reciprocating  engine. a  unit  of 
double  the  power  may  be  produced  at  the  same  speed  by  coupling  two  single  crank  engines 
to  one  shaft.  Similar  results  are  secured  making  a  double  flow  turbine  which  is  in  effect, 
as  will  be  seen  from  the  figure,  two  single  flow  turbines  made  up  in  a  single  rotor  in  a  single 
•  -aainf?  with  a  common  inlet  and  two  exhaust.  Steam  enters  the  norrle  block,  acts  on 
the  impulse  element,  and  then  the  current  divides,  one-half  of  the  steam  going  through  the 
blading  at  the  left  of  the  impulse  wheel;  the  remainder  passes  over  the  top  of 
wheel  and  through  the  impulse  blading  at  the  right. 


High  pressure  turbines  operate  at  about  the  same  initial  pressure  as 
triple  expansion  engines. 

Low  pressure,  as  here  applied,  means  the  exhaust  pressure  of  the 
reciprocating  engine  from  which  the  exhaust  steam  passes  through  the 
turbine  before  entering  the  condenser. 

Mixed  pressure  implies  that  the  exhaust  steam  is  supplemented,  for 
heavy  loads,  by  the  admission  of  live  steam.  Djgjtized  by  Qoogle 
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Ques.   What  determines  the  working  pressure? 

Ans.  When  all  the  power  is  furnished  by  the  turbine,  it  is 
designed  for  high  pressure;  when  operated  in  combination  with 


Single  Flo* 
Reaction  Element 

Reaction  Elements 


  —  Impulse  Wheel 

Dummy 
 Reaction  Eltnt-' 


Exhaust 


Exhaust 


No? lie  Chamber 


Fig.  2,754. — Sectional  view  of  a  semi-double  flow  turbine.  This  is  a  modification  in  which  tV 
intermediate  section  of  reaction  blading  is  single  flow,  and  the  low  pressure  section  only  & 
double  flow.  This  would  be  analogous  to  a  four  cylinder  triple  expansion  engine,  that  * 
one  with  one  high  pressure,  one  intermediate  pressure  and  two  low  pressure  cylmdm- 
a  design  not  at  all  uncommon  in  very  large  engines  in  which  the  required  dimensions  d ft 
single  low  p:essure  cylinder  would  be  prohibitive.  Such  turbines  are  useful  for  caj 
greater  than  is  desirable  for  a  single  flow  turbine,  and  which  are  still  below  the 
possibilities  of  a  double  flow  turbine  of  the  same  speed.  In  such  machines  the  best 
is  secured  by  making  the  intermediate  blading  in  a  single  section  large  enough  to 
entire  quantity  of  steam.  A  "dummy"  similar  to  those  used  on  the  single  flow 
type,  shown  at  the  right  of  the  impulse  wheel,  compels  all  of  the  steam  to  pass thr 
single  intermediate  section  of  the  reaction  blading,  and  balances  the  end  thrust 
this  section.  When  the  steam  issues  from  the  intermediate  section,  the  current  is  di 
one-half  passing  directly  to  the  adjacent  low  pressure  section,  while  the  other  half 
through  the  holes  shown  in  the  periphery  of  the  hollow  rotor  and  through  the  rotor  1 
U  v  iml  the  dummy  ring,  into  the  other  low  pressure  section  at  the  left  hand  end  of 
turbine. 


NOTE. — There  are  logical  engineering  reasons  for  the  existence  of  the  several  typ* 
turbine,  viz..  single  flow,  double  flow,  and  semi-double  flow.    The  double  flow  turbine  t» 
inherently  superior  to  the  single  flow  design,  but  is  used  under  conditions  for  which  the 
flow  machine  is  unsuitable.   Similarly,  the  semi-double  flow  is  recommended  only  for  cooditd 
which  it  can  meet  more  satisfactorily  than  either  of  the  other  types. 
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NOTE. — Low  pressure  turbines  use  exhaust  steam  from  non -condensing  engines  atxl 
valuable  as  an  adjunct  to  existing  plants  for  the  purpose  of  increasing  economy  and 
with  a  minimum  outlay  for  new  equipment. 

NOTE. — Bleeder  turbines  are  for  use  in  plants  which  are  required  to  furnish,  not 
power,  but  also  considerable  and  varying  quantities  of  low  pressure  steam  for  heating  pert 
In  these  turbines  a  part  of  the  steam  after  it  has  done  work  in  the  high  pressure  stages  o»r 
diverted  to  the  heating  system,  and  the  remainder  expanded  through  the  low  pressure  !  ; 
and  exhausted  into  the  condenser.   In  this  way  none  of  the  energy  of  the  heating  steam,  dot 
the  difference  of  pressure  between  the  boiler  and  the  heating  system  is  wasted.    On  the<*bi 
hand  if  no  steam  is  required  for  heating  purposes,  the  turbine  operates  just  as  eflBoeotj  I 
ough  the  bleeder  feature  were  absent. 

Digitized  by  Google 


POWER  STATIONS 


1,909 


reciprocating  engine,  low  pressure  is  used  for  constant  load, 
rd  mixed  pressure  for  variable  load. 


The  De  Laval  steam  turbine  is  termed  by  its  builders  a  high  speed 
rotary  steam  engine.  It  has  but  a  single  wheel,  fitted  with  vanes  or 
buckets  of  such  curvature  as  has  been  found  to  be  best  adapted  for 
receiving  the  impulse  of  the  steam  jet.  There  are  no  stationary  or  guide 
blades,  the  angular  position  of  the  nozzles  giving  direction  to  the  jet. 
The  nozzles  are  placed  at  an  angle  of  20  degrees  to  the  plane  of  motion 
of  the  buckets.  The  best  energy  in  the  steam  is  practically  devoted  to 
the  production  of  velocity  in  the  expanding  or  divergent  nozzle,  and 
the  velocity  thus  attained  by  the  issuing  jet  of  steam  is  about  4,000 


rrrmcsy  K?</e 


6  Secondary  f 


a  2. 


rts 


In  the  smaller  turbines,  the  governor 
lirectly  on  the  steam  admission  valves,  opening  first  the  primary  valve,  and  then, 
,  the  secondary  valve,  after  the  primary  is  fully  open.  In  turbines  of  the  single 
is  type,  the  governor  actuates  two  small  valves  controlling  ports  leading  to 
i team  relay  cyhndcts  which  operate  the  admission  valves.  The  little  valve  controlling 
the  relay  cylinder  for  the  secondary  valve  has  more  lap  than  the  other  and  consequently 
does  not  come  into  action  until  the  primary  valve  has  attained  its  maximum  effective 
The  figure  shows  the  general  design  of  this  type  of  valve  gear. 


feet  per  second.  To  attain  the  maximum  efficiency,  the  buckets  at- 
tached to  the  periphery  of  the  wheel  against  which  this  jet  impinges 
should  have  a  speed  of  about  1,900  feet  per  second,  but,  owing  to  the 
difficulty  of  producing  a  material  for  the  wheel  strong  enough  to  with- 
stand the  strains  induced  by  such  a  high  speed,  it  has  been  found  neces- 
sary to  limit  the  peripheral  speed  to  1,200  or  1,300  feet  per  second. 

It  is  well  known  that  in  a  correctly  designed  nozzle  the  adiabatic 
expansion  of  the  steam  from  maximum  to  minimum  pressure  will  con- 
vert the  entire  static  energy  of  the  steam  into  kinetic  energy.  Theo- 
retically this  is  what  occurs  in  the  De  Laval  nozzle.    The  expan< 
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steam  acquires  great  velocity,  and  the  energy  of  the  jet  of  steam  issuicr 
from  the  nozzle  is  equal  to  the  amount  of  energy  that  would  be  develop* 
if  an  equal  volume  of  steam  were  allowed  to  adiabatically  expand  be 
hind  the  piston  of  a  reciprocating  engine,  a  condition,  however,  which  for 
obvious  reasons  has  never  yet  been  attained  in  practice  with  the  reciprod. 
ing  engine.   But  with  the  divergent  nozzle  the  conditions  are  different 

The  Curti:  turbine  is  built  by  the  General  Electric  Company  at  thtf 
works  in  Schenectady,  N.  Y.,  and  Lynn.  Mass.  They  are  of  the  hob 
zontal  and  vertical  types.  In  the  vertical  type  the  revolving  parts  arc* 
upon  a  vertical  shaft,  the  diameter  of  the  shaft  corresponding  to  the  sir! 
of  the  machine. 

The  shaft  is  supported  by  and  runs  upon  a  step  bearing  at  the  bottos. 
This  step  bearing  consists  of  two  cylindrical  cast  iron  plates  bearid 
upon  each  other  and  having  a  central  recess  between  them  into  a 
lubricating  oil  is  forced  under  pressure  by  a  steam  or  electrically  drrvf 
pump,  the  oil  passing  up  from  beneath. 
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Figs.  2,756  and  2.757. — Westinghousc  valve  gear  with  oil  relay.  Governors  for  the  larger  turti 
particularly  those  of  the  combination  impulse  and  reaction  double,  or  single  demb' 
type,  employ  an  oil  relay  mechanism,  as  shown  in  the  figure,  for  operating  the  steam 
In  these  turbines  the  lubricating  oil  circulating  pump,  maintains  a  higher  pressure 
is  required  for  the  lubricating  system.   The  governor  controls  a  small  relay  valve  A 
admits  pressure  oil  to,  or  exhausts  it  from  the  operating  cylinder.    When  oil  is  adrzt 
to  the  operating  cylinder  raising  the  piston,  the  lever  C  lifts  the  primary  valve  E. 
lever  D  moves  simultaneously  with  C,  but  on  account  of  the  slotted  connection  witfcL 
stem  of  the  secondary  valve  F,  the  latter  does  not  begin  to  lift  until  the  primary  t^1**| 
raised  to  the  point  at  which  its  effective  opening  ceases  to  be  increased  by  further  u7*l 
travel.    In  the  Westinghouse  designs,  the  operating  valve,  A  is  connected  not  aalr 
the  governor,  but  also  to  a  vibrator,  which  gives  it  a  slight  but  continuous  recipox*t« 
motion,  while  the  governor  controls  its  mean  position.    The  effect  of  this  is  manif 
a  slight  pulsatfcn  throughout  the  entire  relay  system,  which,  so  to  speak,  keeps  it  "si « 
and  ready  to  respond  instantly  to  the  smallest  change  in  the  position  of  toe  gotrr 
The  oil  ralay  can  be  made  sufficiently  powerful  to  operate  valves  of  any  size,  and  it  tt 
in  effect  a  safety  device  in  that  any  failure  of  the  lubricating  oil  supply  will  automat 
J  immediately  shut  off  the  steam  and  atop  the  turbine.  • 
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A  weighted  accumulator  is 
sometimes  installed  in  connec- 
tion with  the  oil  pipe  as  a 
convenient  device  for  govern- 
ing the  step  bearing  pumps, 
and  also  as  a  safety  device  in 
case  the  pumps  should  fail, 
but  it  is  seldom  required  for 
the  latter  purpose,  as  the  step 
bearing  pumps  have  proven 
after  a  long  service  in  a  num- 
ber of  cases,  to  be  reliable. 
The  vertical  shaft  is  also  held 
in  place  and  kept  steady  by 
three  sleeve  bearings  one  just 
above  the  step,  one  between 
the  turbine  and  generator, 
and  the  other  near  the  top. 

These  guide  bearings  are 
lubricated  by  a  standard 
gravity  feed  system.  It  is 
apparent  that  the  amount  of 
friction  in  the  machine  is 
very  small,  and  as  there  is 
no  end  thrust  caused  by  the 
action  of  the  steam,  the  rela- 
tion between  the  revolving 
and  stationary  blades  may  be 
maintained  accurately.  As  a 
consequence,  therefore,  the 
clearances  are  reduced  to  the 
minimum. 

The  Curtis  turbine  is  di- 
vided into  two  or  more  stages, 
and  each  stage  has  one,  two 
or  more  sets  of  revolving 
blades  bolted  upon  the  peri- 
pheries of  wheels  keyed  to  the 
shaft.  There  are  also  the  cor- 
responding sets  of  stationary 
blades  bolted  to  the  inner 
walls  of  the  cylinder  or  casing. 

The  governing  of  speed  is 
accomplished  in  the  first  set 
of  nozzles  and  the  control  of 
the  admission  valves  here  is 
effected  by  means  of  a  cen- 
trifugal governor  attached  to 
the  top  end  of  the  shaft.  TJ 
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governor,  by  a  very  slight  movement,  imparts  motion  to  levers,  which 
in  turn  work  the  valve  mechanism. 

The  admission  of  steam  to  the  nozzles  is  controlled  by  piston  valves 
which  are  actuated  by  steam  from  small  pilot  valves  which  are  in  turn 
under  the  control  of  the  governor. 


FtG.2,739  -IHustrai  onofaweir,  T» » make  a  weir,  place  a  board  across  the  stream  at  some  pwr' 

which  will  allow  a  r/n  rid  t..  f<»rm  above.    The  hoard  should  have  a  notch  cut  in  it  wit 
.  ui  l  t  V-  r*. .r t> .:n  s>:  n ply  beveled  toward  the  intake,  as  shown  in  t>* 
al  ove  i  ui     The  »«.?tnrn  of  the  r>uh,  which  is  called  the  "crest"  of  the  weir,  should  \m 
perfectly  level  and  the  sides  virtu  al.    In  the  pond  back  of  the  weir,  at  a  distanoe tm 
I  .  than  tl  e  length  of  the  note h,  drive  a  stake  near  the  bank,  with  its  top  precisely  lea 
h  the<  :    *..    By  m<       ol  a  rule,  or  a  graduated  stake  as  shown,  measure  the  deptt 
•it  over  the  *  p  of  stake,  making  allowance  for  capillary  attraction  of  the  vafll 
against  the  sides  of  the  v\<ir.    I*"r  extreme  accuracy  this  depth  may  be  measured j 

ntl         a  i     •  :  .  :     ins  *.f  a  "hook  ^auue,"  familiar  to  all  engineers.  Hai 
as<  ertaincd  the  di  pth  nf  w  iter  over  the  stake,  refer  to  the  accompanying  table, 
which  ma.y  be  <      u<  ited  thi  n\  of  water  flowing  over  the  weir.  There 

proporti<  n    wl  iwh  m  i  1  !•<■  nhsi-r  veil  in  the  dimensions  of  this  notch.    Its  length* 
width,  should  be  between  1  ur  and  eight  times  the  depth  of  water  flowing  over  the 
of  the  w  it.    The  n  •  •!  b         f  the  weir  should  be  at  least  fifty  per  cent,  wider  ttlMT 
not<  h  and  -•»*  sufneu  nt  widt  h  and  d  pth  !  hat  the  velocity  of  flow  or  approach  be  not 
one  font  per  second,    In  order  to  obtain  these  results  it  is  advisable  to 
some  extent. 

Digitiz 


POWER  STATIONS 


1,973 


Speed  regulation  is  effected  by  varying  the  number  of  nozzles  in  flow, 
that  is,  for  light  loads  fewer  nozzles  are  open  and  a  smaller  volume  of 
steam  is  admitted  to  the  turbine  wheel,  but  the  steam  that  is  admitted 
impinges  against  the  moving  blades  with  the  same  velocity  always,  no 
matter  whether  the  volume  be  large  or  small.  With  a  full  load  and  all 
the  nozzle  sections  in  flow,  the  steam  passes  to  the  wheel  in  a  broad  belt 
u  and  steady  flow. 

■  WEIR  TABLE 

Tring  cubic  feet  of  water  per  minute  that  will  flow  over  a  weir  one  inch  wide 

and  from  )/*  to  20 inches  deep. 


78 

i 

A 

H 

H 

v% 

7  / 

7% 

|1 

.IK  J 

.Ul 

.0o 

.09 

1  A 

.  14 

1 1k 

.  19 

,2b 

Of) 

.32 

.40 

.47 

.55 

.64 

.73 

.82 

.92 

1.02 

ft  9 

1 . 13 

1 .26 

1 .35 

1 .36 

1 .58 

1 .  /0 

1 .82 

1 .95 

3 

2.07 

2.21 

2.34 

2.48 

2.61 

2.76 

2.90 

3.05 

I4 

3.20 

3.35 

3.50 

3.66 

3.81 

3.97 

4.14 

4.30 

4.47 

4.64 

4.81 

4.98 

5.15 

5.33 

5.51 

5.69 

h 

5.87 

6.06 

6.25 

6.44 

6.62 

6.82 

7.01 

7.21 

7.40 

7.60 

7.80 

8.01 

8.21 

8.42 

8.63 

8.83 

p 

9.05 

9.26 

9.47 

9.69 

9.91 

10.13 

10.35 

10.57 

19 

10  80 

11.02 

11.25 

11.48 

11.71 

11.94 

12.17 

12  41 

10 

12.04 

12.88 

13.12 

13.36 

13.60 

13.85 

14.09 

14.34 

11 

14  59 

14.84 

15.09 

15 . 34 

15.59 

15.85 

16.11 

16  30 

12 

16.62 

16.88 

17.15 

17.41 

17.67 

17.94 

18.21 

18.47 

m 

18.74 

19.01 

19.29 

19.56 

19  84 

20  11 

20 . 39 

20  67 

15 

20.95 

21  23 

21.51 

21.80 

22.08 

22  37 

22.65 

22  94 

23.23 

23.52 

23  82 

24  11 

24  40 

24  70 

25  00 

25  30 

r16 

25.60 

25.90 

26  20 

26  50 

26  80 

27  11 

27.42 

27.72 

17 

28  03 

28  34 

28  65 

28.97 

29.28 

29 . 59 

29.91 

30.22 

18 

30  54 

30  86 

31.18 

31  50 

31  82 

32  15 

32  47 

32  80 

19 

33.12 

33.45 

33.78 

34  11 

34.44 

34.77 

35.10 

35  44 

■ 

35.77 

36.11 

36.45 

36.78 

37.12 

37.46 

37.80 

38.15 

NOTE. — The  weir  table  on  this  page  contains  figures  1.  2,  3,  etc..  in  the  first  vertical 
tana  which  indicates  the  inches  depth  of  water  running  over  weir  board  notches.  Frequently 
f  depths  measured  represent  also  fractional  inches,  between  1  and  2.  2  and  3,  etc.  The  hon- 
rtal  line  of  fraction  at  the  top  represents  these  fractional  parte,  and  can  be  applied  between 
v  'A  the  numbers  of  inches  depth,  from  1  to  25.  The  body  of  the  table  shows  the  cubic  feet. 
4  the  fractional  parts  of  a  cubic  foot,  which  will  pass  each  minute  for  each  inch  in  depth. 
■  for  each  fractional  part  of  an  inch  by  eighths  for  all  depths  from  1  to  25  inches.  Each  of  these 
fc-ts  is  for  only  one  inch  width  of  weir.  To  estimate  for  any  width  of  weir  the  result  obtained 
one  inch  width  must  be  multiplied  by  the  number  of  inches  constituting  the  whole  horisontal 
rh  of  weir. 

Digitized  by  Google 


1,974  HAWKINS  ELECTRICITY 


POWER  STATIONS 


1,975 


1 2.762. — Water  discharging  from  a  needle  nozzle  due  to  a  pressure  of  1G9  lbs.  per  sq.  in 


lydro-Electric  Plants. — The  economy  with  which  elec- 

tycan  be  transmitted  long  distances  by  high  tension  alterna- 
currents,  has  led  to  the  development  of  a  large  number  of 
powers  in  more  or  less  remote  regions. 
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This  economy  is  possible  by  the  facility  with  which  alternating  cun 
can  be  transformed  up  and  down.  Thus  at  the  hydro-electro  plant, 
current  generated  by  the  water  wheel  driven  alternator  is  transfon 
to  very  high  pressure  and  transmitted  with  economy  a  long  distanc 
the  distributing  point  where  it  is  transformed  down  to  the  proper  p 
sure  for  distribution. 

A  water  wheel  or  turbine  is  a  machine  in  which  a  rotary  motk>! 
obtained  by  transference  of  the  momentum  of  water;  broadly  speak 

the  fluid  is  guided  by  f 
blades,  attached  wit! 
casing,  and  impinging 
other  blades  mounted  c 
drum  or  shaft,  causing 
latter  to  revolve. 

There  are  two 
classes  of  turbine : 


Fig.  2.764. — Sectional  elevation  ot  one  of  the  5.000 
horse  power  vertical  Pelton- Francis  turbines  directly 
connected  to  generator,  as  installed  for  the  Schenec- 
tady Power  Co. 


1.  Impulse 

2.  Reaction  turbines. 

Ques.  What  is 
impulse  turbine? 

Ans.    One   in  whi 
the  fluid  is  directed 
means  of  a  series  of 
zles  against  vanes 
it  drives. 

Ques.  What 
reaction  turbine? 

Ans.    One  in 
the  pressure  or 
the  water  is  emph 
rather  than  its  vel< 
The  current  is 
upon  the  wheel 
action  of  suitably 
posed  guide  blades, 
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passages  being  full  of  water.  Rotary  motion  is  obtained  by  th 
change  in  the  direction  and  momentum  of  the  fluid. 

Ques.    Name  three  classes  of  reaction  turbines. 

Ans.    Parallel  flow,  inward  flow,  and  outward  flow. 

Parallel  flow  turbines  have  an  efficiency  of  about  70%  and  ai 
for  low  falls  not  over  30  feet.   Inward  and  outward  flow  turbines  have 
efficiency  of  about  85%.    Impulse  turbines  are  suitable  for  high  hcac 


Figs.  2.709  and  2.770. — Exterior  and  interior  of  hydro-electric  plant  at  Harrisburg.  Va. 
located  on  the  south  fnrk  of  the  Shenandoah  River,  twelve  and  one-half  mile* 
A  d;un  7 JO  feet  long  and  1">  feet  high  was  built  on  a  limestone  ledge  running 
river;  whit  h  with  a  fall  of  6  feet  from  the  dam  to  the  power  house,  a  quarter  of  a 
distant,  secured  an  effective  head  pressure  of  20  feet.  The  power  house,  com 
generator  room  and  the  \vh«  el  room,  also  the  machinery  room,  are  here  shown.  1 
room,  which  is  20  <  40  feet,  extends  across  the  head  race,  and  rests  upon  solid 
walls,  forming  the  sides  and  ends  of  the  wheel  pits.  The  end  wall  is  o  feet  thick 
bottoih,  and  I  \  \  feet  at  the  top.  It  has  thrvc  arched  openings,  each  8  feet  wide  and  9 
high,  though  whu-h  the  w.iter  escapes  after  leaving  the  turbines.  The  in  Like 
tec  ted  1'V  a  wrought  iron  ra>  k  10  feet  long.  The  power  is  obtained  by  three  50  inch 
shaft  Samson  turbines,  with  a  20  inch  Sons  >n  f<>r  an  exciter.  The  three  Large  total 
have  a  r  it  ■. : ! k»  of  1..V.0  horse  power;  and  are  connected  to  the  mam  horizontal  line  sfctfl 
t>evel  mortise  gears  7  feet  diameter  and  l.">  inches  face.  The  couplings  on  the  SB^^Hj 
have  In  im  h  fneti-m  «  !m*.  h  hubs,  permitting  either  or  each  turbine  being  oo^HH 
shut  down  r  pendi  ntly  of  the  others.  The  main  shaft  is  H~>  rcct  long  and  i»  incllesdia 
eter;  making  2H0  revolutions.  This  shaft  carries  two  pulleys  70  inches  diame  ter  and 
inches  face  for  driving  the  generators.  The  accompanying  illustration  shows  the  ho 
work,  gears,  pulleys,  etc..  furnished  with  the  turbines.  The  20  inch  horizontal  i 
Samson  turbine  of  72  horse  power  is  direct  connected  to  an  exciter  generator  of  20 
running  Too  n  v.  per  min,  1  he  two  large  generators  arc  driven  450 revolutions  perflri 
t'V  belts  procuring  a  three  phase  current  of  ill)  cycles  of  11. /XX)  volts  for  the  t*ndH| 
i  .n.  -half  miles  t  runsmissii  >n.  The  line  <  <  insists  of  three  strands  of  No.  4  Ivare  copper 1 
Tins  i  urrenl  is  u»  d  tor  lighting  and  power  purposes,  and  the  plant  is  of  the  latest 
proved  design  and  construction. 

Isolated  Plants. — When  electric  power  transmission  fro 
central  stations  first  came  into  commercial  use,  the  distan 
from  the  station  at  which  current  could  be  obtained  at  a  reaso 
able  cost  was  exceedingly  limited. 
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Consequently,  persons  desiring  electrical  power  were  in  the  majority 
of  cases  forced  to  install  their  own  apparatus  for  producing  it,  this  being 
the  origin  of  isolated  plants. 

From  the  nature  of  the  case  it  is  evident  that  an  isolated  plant  is  as  a 
rule  smaller  and  more  simple  in  construction  than  a  central  station,  and  in 
consequence  much  more  readily  operated  and  managed.  It  is  generally 
owned  by  a  private  individual  or  a  corporation  and  operated  in  conjunc- 
tion with  other  affairs  of  a  similar  character.  A  basement  or  other 
portion  of  a  building  is  usually  set  aside  in  which  the  necessary  apparatus 
is  installed. 


FlG.  2,774.— rGeneral  Electric  25  lew.,  gasoline  electric  generating  set  for  lighting  and  povn 
rhe  engine  has  four  cylinders  7^  X  7  4.  and  runs  at  a  speed  of  660  revolutions  per  mi-u  « 
1  he  total  candle  power  capactiy  in  Mazda  lamps  is  20.000.  The  ignition  is  by  low  tens:  i 
magneto,  coil  and  battery.    Carburetter  is  of  the  constant  level  tvpe  to  which  gas 
is  delivered  by  a  pump  driven  by  the  engine.   Forced  lubrication;  five  crank  shaft  bear 
babbitted;  valves  in  side;  overall  dimensions  96  X  34  X  60  high;  weight  5,000. 

Although  electricity  is  now  transmitted  economically  to  great  distance 
from  central  stations,  there  is  still  a  field  for  the  isolated  plant. 

The  average  type  of  isolated  plant  has  enlarged  from  a  small  dynami 
driven  by  a  little  slide  valve  engine  located  in  an  out  of  the  way  come 
to  direct  connected  generators  and  engines  of  hundreds  and  even  thou 
sands  of  horse  power  assembled  in  a  large  room  specially  adapted  to  th 
purpose. 
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In  the  more  modern  of  these,  the  electrical  outputs  are  each  frequently- 
equal  to  that  of  a  town  central  station  of  respectable  size,  and  the 
auxiliary  equipments  are  similar  in  every  particular.  As  a  matter  of 
fact,  in  certain  modern  isolated  plants  the  only  feature  that  distinguishes 
them  from  central  stations  is  that  in  the  former  case  the  owner  of  the 
plant  represents  the  sole  consumer  and  conducts  other  business  in  con- 
nection with  it,  whereas  in  the  latter  case  there  are  a  large  number  of 
consumers  uninterested  financially  in  the  enterprise,  which  is  itself 
jenerally  owned  and  operated  by  a  company  conducting  no  other 


DOOR  TO  '  CURRENT 
AIR  LOCK  TRANSFORMER 

2.775. — Plan  of  sub-station  with  air  blast  transformers  and  motor  operated  oil  switches 
underground  11.000  or  13,200  volt  hi«h  tension  lines. 


Sub-Stations. — According  to  the  usual  meaning  of  the 
«rm,  a  sub-station  is  a  building  provided  with  apparatus  for 
hanging  high  pressure  alternating  current  received  from  the 
central  station  into  direct  current  of  the  requisite  pressure, 
vhich  in  the  case  of  railways  is  550  to  000  volts. 

Where  traffic  is  heavy  and  the  railway  system  of  considerable 
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distance,  sub-stations  are  provided  at  intervals  along  the  line, 
each  receiving  high  pressure  current  from  one  large 
station  and  converting  it  into  moderate  pressure  direct 
for  their  districts. 


Ques.   Upon  what  does  the  arrangement  of  the 
station  depend? 

Ans.    Upon  the  character  of  the  work  and  the  type  of 
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2.776. — Plan  of  small  sub-station  with  single  phase  oil  insulated  self-cooling  tran 
and  hand  operated  oil  sw»tches  1 1.000  or  13.200  volts,  overhead  high  tension  lines. 


paratus  employed  for  converting  the  high  pressure  alt 
current  into  direct  current. 

In  general  it  should  be  substantial,  convenient  to  install  or  . 
the  heavy  machines,  and  the  layout  arranged  so  that  the  apparatus 
be  readily  operated  by  those  in  attendance. 
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An  overhead  traveling  crane  is  the  most  convenient  method  of  han- 
dling the  heavy  machinery,  and  is  frequently  used  in  large  sub-stations. 

Fig.  2,776  shows  a  sectional  view,  and  fig.  2,777,  a  plan  for  a  small 
sub-station  containing  two  rotary  converters  and  two  banks  of  three 
single  phase  static  transformer  operating  on  a  three  phase  system 
at  11,000  or  13,200  volts,  together  with  the  auxiliary  apparatus. 

Ques.  For  three  phase  installations,  what  are  the 
erits  of  separate  and  combined  transformers? 


Ans.    With  separate  transformer  for  each  phase,  repairs  are 


2,777. — Elevation  of  small  sub-station,  as  shown  in  plan  in  Fig.  2.776. 


e  readily  made  in  case  of  accident  or  burnouts  in  the  coils, 
e  three  phase  units  have  the  advantage  of  low  first  cost. 

Sub-station  transformers  produce  considerable  heat,  due  to  the 
hysteresis  and  eddy  currents,  and  it  is  necessary  to  get  rid  of  it. 

Small  transformers  radiate  the  heat  from  the  shell  and  the  medium 
sizes  have  corrugated  shells  which  increase  the  surface  and  provide 
more  rapid  radiation. 
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Large  transformers  are  cooled  by  an  air  blast  supplied  by- 
driven  blowers  or  by  water  pumped  through  a  coil  ot  pipe  wl 
immersed  in  the  insulating  oil  of  the  transformer.  The  large  suei 
insulated,  water  cooled  transformers  are  used  on  circuits  of  33,000 1 
or  more.  In  water  turbine  plants,  the  water  may  be  piped  to  the 
former  under  pressure  and  the  pump  omitted  which  cuts  down  the 
of  operating.  Air  blast  transformers  usually  have  a  damper  or 
for  air  control. 


Fig.  2.77S — Marine  portable  transformer  station  on  Los  Angeles  Aqueduct.  The 

three  20  kva.,  Westintfhouse  out  door  transformers  installed  on  a  float,  33,000  voUi 

pressure;  4 10  volts  low  pressure;  50  cycles. 

Ques.    Explain  the  use  of  reactance  coils  in  sub-statioi 

Ans.    In  order  that  the  direct  current  voltage  of  the  ordi 
rotary  may  l><i  regulated  by  a  field  rheostat,  which  calls  for 
corresponding  change  in  the  alternating  current  voltage,  a 
actance  coil  is  provided  between  the  low  tension  winding 

the  converter. 

Without  such  a  reactance,  the  maintenance  of  the  same  voltagcj 
full  load  as  at  no  load  involves  excessive  leading  and  lagging  a 
and  consequently  excessive  heating  in  the  armature  inductors. 


POWER  STATIONS 


1,985 


the  resistance  drop  from  the  source  of  constant  pressure  is  small,  or  the 
natural  reactance  of  the  circuit  high. 


Ques.  What  is  the  effect  of  weakening  the  converter  field  ? 

Ans.    A  lagging  current  is  set  up  which  causes  a  drop  in  the 


stance  coil. 


CHOKE  COIL 


9. — Sectional  elevation  of  jxirtable  outdo*  >r  transh .mar  type  Mih-sia'  v  -ti  .      '[')]<■  Jtir.h 
•witching  and  protective  apparatus  is  mounted,  "at  <d  the  w.iv.  <e,  the  r<  •  -t  oHhe 
car*  taut  is  operated  from  the  switchboard  with  a  s'.iT.d.od  i<  ui--'.e  -I  h.e.ds  hne 

'ormer  is  carried  directly  over  the  trvn  k  ; >. t  tin-  u::'  "v.  r<  - 1  t  : i  1  <  >f  *  ■  .<■  cir  ai .  1  l  h-  I  •'.v- 
leadsfrom  it  run  in  conduit  beneath  the  tl- ^. j : , i : J  up  i:  *-   "he  <  h  cou'.u-is 

converter  and  switchlxKtrd)  to  the  converter.  The  p> •  '  h  ••••!  :ar. -.  t h s •  -t;i:*i  a  _  <  si ♦ 
.  and  ends  in  a  terminal  on  the  r<  >of.  The  cm  Try  ihu->  i-...  ',o  •  .»  •  >>r.-:>'>  •••  tut.  <A  '  h<> 
leaving  at  a  point  close  to  that  at  which  it  enVo  d.  I      pre  .        ad.  —  :.o       <  -,ir- 

rer;t  as  well  as  the  direct  current  positive  U  .ids  ar  ■■■  i  .u  nul  b-    ••%  '  he  .  <r  d-      ; ::  !>••  si  «  -s.d  at 
Supported  from  the  channel  frame.    Th<:  l.<  M  v.  n-  ..r-  r.:::i.  1  r.  •  t 
rheostat.    Wiring  for  the  lights  is  arrant  d  1  ■  •  sup.  -ly  t  w  •.  •'»  h.:h-  i  -•• 
the  GOO  volt  direct  current  and  the  o'h.T  u  rh  »J' t  v-.'.-  air  -  n  p.i  f>  t  : 


•  ; : :  if.. 
5  CO  I  ,d 
One  is 
t.  Al 


conductors  are  carried  in  metal  ttv h il •■!::  c.  < 


■:  v.  i? a 
k'hting 

d  between  the  flanges  of  the  channel  iroa 
High  wiring  is  carried  entirely  <-n  the  -    •;  <  '  '  ■  <      whin  it  ■ •  «  out  «,f  th« 

way  and  where  the  operator  cannot  o .->•..•  ui  .„.>•■•<  a  *  v.  •'  h  p.  'I  '•.<•  v.*.  ..mi  I  •:  d  i  «; 
of  the  utmost  simplicity.  Usually  the  n.  native  and  equalizer  switches. ...  i  :  he  field  is-  d> 
up  switch  are  mounted  on  the  ft  ana  -  -t  T  nc  converter.  The  double  throw  switch  for  s"  r  " 
and  running  the  converter  can  be  rn-s-.o  d  m  ''  •  t'  -r  .  a  f"u.<  c.-.r  a-  d  <•:  >  ra'--d  by 
handle  at  the  switchboard.  The  rheostat  can  be  mounted  I  •  k  o'  the  switchboard  -a 
brackets  bolted  to  the  car  super  tru  ■<::<■  The  switchyard  need  only  carry  the  positive 
switch  and  circuit  breaker,  an  !  i  he  alternating  current  ammeter,  volt  an  r  .r  d  p--.v.-r 
meter.  Sometimes  a  w.ef 1 .  u-  n..  U:  i  ...  i  :-  !  1"  •  l  >  ••••«•  l--;d  i  ;  1"  ;yh;  ,.-it 
through  a  conduit  on  the  roof  uf  fin-  ar  and  is  arranged  for  bolting  to  the  positive  feeder. 
The  negative  and  equalizer  tertran. an  '.■  ■  i  '  •■•  »o  •  r  \  ••>>  i  ,t  an- 1  e  <•  . i r ;  : •  a:  -  •  1 
»  that  connection  can  be  easi'iy  ina*ie  loan  taaui  to  the  ground  arid,  if  neces-^iry.  to  an 
equalizer  circuit.  There  is  usually  a  sliding  door  at  each  end  of  the  cab  and  two  windows 
on  each  side.  Above  the  doors,  transoms,  extending  the  width  of  the  cab.  are  arranged 
to  drop  so  that  a  current  of  air  will  circulate  through  the  cab  under  the  roof,  carrying  out  the 
heated  air.  There  are  also  several  ventilating  holes  beneath  the  converter  in  the  floor  of 
the  car.  These  provisions  insure  a  constant  circulation  of  air  through  the  car  which  carr"K» 
away  all  heated  air. 
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Ques.    State  the  effect  of  strengthening  converter  field. 

Ans.  A  leading  current  is  set  up  which  gives  a  rise  of  voltage 
in  the  reactance  coil. 

Hence  when  a  heavy  current  passes  through  the  series  coil  of  a  com- 
pound wound  converter  and  tends  to  produce  a  leading  current,  the  react- 
ance coil  will  balance  it,  and  improve  the  power  factor  of  the  whole  line. 


Pig.  2,780. — Westinghousc  300  kw.  converter  in  portable  sub-station. 

Portable  Sub-Stations. — A  portable  sub-station  constitutes 
a  spare  equipment  for  practically  any  number  of  permanent 
sub-stations  and  renders  unnecessary  the  installation  of  spare 
:pment  in  each. 
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It  can  be  used  to  increase  the  capacity  of  a  permanent  sub-station 
when  the  load  is  unusually  heavy,  or  to  provide  service  while  a  per- 
manent sub-station  is  being  overhauled  or  rebuilt. 

The  transformer  can  be  used  for  emergency  lighting,  the  primary  being 
connected  to  a  high  pressure  line  and  the  secondary  to  the  load,  if 
special  provision  be  made  at  the  time  the  transformer  is  built  to  adapt 
it  for  these  applications. 


ftc.  2,781. — Switchboard  end  of  Wcstinghouse  portable  sub-station. 


When  an  electric  railway  has  a  portable  sub-station,  direct 
current  can  be  provided  at  any  point  on  the  system  where  there 
is  track  at  the  high  pressure  line.  The  direct  current  can  be 
niade  available  very  quickly  as  its  production  involves  only  the 
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transferring  of  the  sub-station,  and  its  connection  to  the  high 
pressure  line. 

Portable  sub-stations  range  in  capacity  from  200  to  500  kw.,  aodfrr 
all  alternating  current  voltages  up  to  66,000,  and  frequencies  of  25 
and  60  cycles. 

Although  portable  sub-stations  usually  must  be  of  more  or  less  specul 
design  to  adapt  them  to  the  conditions  under  which  they  must  operate, 
there  are  certain  general  features  that  are  common  to  all.  All  members 
are  readily  accessible  and  there  are  no  unnecessary  parts.  The  weight 
and  dimensions  are  a  minimum  insuring  ease  of  transportation.  Live 
parts  are  so  protected  that  the  danger  of  accidental  contact  with  then 
is  minimized. 


Figs.  2,782  and  2,783. — Views  of  levelling  device  for  Westinghouae  converter. 

Ques.  What  are  the  advantages  of  using  outdoor, 
transformers  on  portable  sub-stations?  j 

Ans.  All  high  pressure  wiring  is  kept  out  of  the  car.  The 
transformer  is  more  effectively  cooled  and  the  heat  dissipated 
by  the  transformer  does  not  warm  the  interior  of  the  cab.  The 
transformer  is  much  more  accessible.  The  car  can  be  run  under 
a  crane  and  the  transformer  coils  pulled  out  with  a  hoist. 

Taps  for  different  high  and  low  pressure  voltages  can  be  readily  pro 
vided  at  the  time  the  transformer  is  being  built. 
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CHAPTER  LXVII 

MANAGEMENT 

i 
| 

The  term  "management/1  broadly  speaking,  includes  not  only 
e  actual  skilled  attention  necessary  for  the  proper  operation 
the  machines,  after  the  plant  is  built,  but  also  other  duties 
lich  must  be  performed  from  its  inception  to  completion,  and 
rich  may  be  classified  as 

1.  Selection; 

2.  Location; 

3.  Erection; 

4.  Testing; 

5.  Running; 

6.  Care; 

7.  Repair. 

That  is  to  say,  someone  must  select  the  machinery,  determine 
here  each  machine  is  to  be  located,  install  them,  and  then 
ttend  to  the  running  of  the  machines  and  make  any  necessary 
jpairs  due  to  the  ordinary  mishaps  likely  to  occur  in  operation. 

These  various  duties  are  usually  entrusted  to  more  than  one 
idividual;  thus,  the  selection  and  location  of  the  machinery  is 
one  by  the  designer  of  the  plant,  and  requires  for  its  proper 
xecution  the  services  of  an  electrical  engineer,  or  one  possessing 
aore  than  simply  a  practical  knowledge  of  power  plants. 
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The  erection  of  the  machines  is  best  accomplished  by  thos< 
making  a  specialty  of  this  line  of  work,  who  by  the  nature  of  the 
undertaking  acquire  proficiency  in  methods  of  precision  and  an 
appreciation  of  the  value  of  accuracy  which  is  so  essential  in  the 
work  of  aligning  the  machines,  and  which  if  poorly  done 
prove  a  constant  source  of  annoyance  afterward. 

The  attention  required  for  the  operation  of  the  machines, 
embracing  the  running  care  and  repair,  is  left  to  the  4  4  man  m 
charge,"  who  in  most  cases  of  small  and  medium  size  plants  d 
the  chief  steam  engineer.  He  must  therefore,  not  only  un< 
stand  the  steam  apparatus,  but  possess  sufficient  knowledge  \ 
electrical  machinery  to  operate  and  maintain  it 
working  order. 

The  present  chapter  deals  chiefly  with  alternating  < 
machinery,  the  management  of  direct  current  machij 
been  fully  explained  in  Guide  No.  3,  however,  some  of  the 
here  presented  is  common  to  both  classes  of  apparatus. 


Selection.— In  order  to  intelligently  select  a  machine  so  tl 
it  will  properly  harmonize  with  the  conditions  under  which 
is  to  operate,  there  are  several  things  to  be  considered. 

1.  Type; 

2.  Capacity; 

3.  Efficiency; 

4.  Construction. 

The  general  type  of  machine  to  be  used  is,  of  course,  dependei 
on  the  system  employed,  that  is,  whether  it  be  direct  or  alt 
nating,  single  or  polyphase. 


Thus,  the  voltage  in  most  cases  is  fixed  except  on  transformer 
tems  where  a  choice  of  voltage  may  be  had  by  selecting  a 
to  suit. 
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In  alternating  current  constant  pressure  transmission  circuits, 
an  average  voltage  of  2,200  volts  with  step  down  transformer 
ratios  of     and  ^  is  in  general  use,  and  is  recommended. 

For  long  distance,  the  following  average  voltages  are  recommended 
I  6,000;  11,000  ;  22,000;  33,000  ;  44,000;  66,000;  88,000; 

and  higher,  depending  on  the  length  of  the  line  and  degree  of  economy  desired. 

In  alternating  circuits  the  standard  frequencies  are  25,  and  60 
jcles.    These  frequencies  are  already  in  extensive  use  and  it  is 
mmended  to  adhere  to  them  as  closely  as  possible. 
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4. — Diagram  of  connections  for  testing  to  obtain  the  saturation  curve  of  an  alternator. 
The  saturation  curve  shows  the  relation  between  the  volts  generated  in  the  armature  and 
the  amperes  of  field  current  (or  ampere  turns  of  the  field)  for  a  constant  armature  current. 
The  armature  current  may  be  xero,  in  which  case  the  curve  is  called  no  load  saturation 
curt*,  or  sometimes  the  open  circuit  characteristic  curve.  A  saturation  curve  may  be  taken 
with  full  load  current  in  the  armature;  but  this  is  rarely  done,  except  in  alternators  of 
comparatively  small  output.  If  a  full  load  saturation  curve  be  desired,  it  can  be  approx- 
imately calculated  from  the  no  load  saturation  curve.  The  figure  shows  the  connections. 
If  the  voltage  generated  is  greater  than  the  capacity  of  the  voltmeter,  a  multiplying  coil 
or  a  step  down  pressure  transformer  may  be  used,  as  shown.  A  series  of  observations  of 
the  voltage  between  the  terminals  of  one  of  the  phases,  is  made  for  different  values  of  the 
field  current.  Eight  or  nine  points  along  the  curve  are  usually  sufficient,  the  series  ex- 
tending from  xero  to  about  fifty  per  cent,  above  normal  rated  voltage.  The  points  should 
be  taken  more  closely  together  in  the  vicinity  of  normal  voltage  than  at  other  portions  of 
the  curve.  Care  must  be  taken  that  the  alternator  is  run  at  its  rated  speed,  and  this 
speed  must  be  kept  constant.  Deviations  from  constant  speed  may  be  most  easily  de- 
tected by  the  use  of  a  tachometer.  If  the  machine  be  two  phase  or  three  phase,  the  volt- 
meter may  be  connected  to  any  one  phase  throughout  a  complete  series  df  observations. 
The  voltage  of  all  the  phases  should  be  observed  for  normal  full  load  excitation  by  connect- 
ing the  voltmeter  to  each  phase  successively,  keeping  the  field  current'eonstant  at  normal 
voltage.   This  is  done  in  order  to  see  how  closely  the  voltage  of  the  different  phases. 


In  fixing  the  capacity  of  a  machine,  carcjul  consideration  should  be  gtven 
to  the  conditions  of  operation  both  present  and  future  in  order  that  the 
resultant  efficiency  may  be  maximum. 

Most  machines  show  the  best  efficiency  at  or  near  full  load.  Tf  the 
load  be  always  constant,  as  for  instance,  a  pump  forcing  water  to  a 
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given  head,  it  would  be  a  simple  matter  to  specify  the  proper  size  < 
machine,  but  in  nearly  all  cases,  and  especially  in  electrical  plants,  th 
load  varies  widely,  not  only  the  daily  and  hourly  fluctuations,  but  th 
varying  demands  depending  on  the  season  of  the  year  and  growth  c 
the  plant's  business.  All  of  these  conditions  tend  to  complicate  th 
matter,  so  that  intelligent  selection  of  capacity  of  a  machine  require 
not  only  calculation  but  mature  judgment,  which  is  only  obtained  b 
long  experience. 


Fig.  2,785. — Saturation  curve  taken  from  a  2.000  kw.,  three  phase  alternator  of  the  revolvmj 
field  type,  having  16  poles,  and  generating  2,000  volts,  and  576  amperes  per  phase  whs 
run  at  300  R.P.M. 

In  selecting  a  machine,  or  in  fact  any  item  connected  with 
the  plant  its  construction  should  be  carefully  considered. 

Standard  construction  should  be  insisted  upon  so  that  in  the  event 
of  damage  a  new  part  can  be  obtained  with  the  least  possible  delay. 

The  parts  of  most  machines  are  interchangeable,  that  is  to  say,  with 
the  refined  methods  of  machinery  a  duplicate  part  (usually  carried  in 
stock)  may  be  obtained  at  once  to  replace  a  defective  or  broken  part, 
and  made  with  such  precision  that  little  or  no  fitting  will  be  required 
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The  importance  of  standard  construction  cannot  be  better 
illustrated  than  in  the  matter  of  steam  piping,  that  is,  the 
kind  of  fittings  selected  for  a  given  installation. 

With  the  exception  of  the  exhaust  line  from  engine  to  con- 
denser, where  other  than  standard  construction  may  sometimes 
be  used  to  reduce  the  frictional  resistance  to  the  steam,  the 
author  would  adhere  to  standard  construction  except  in  very 
exceptional  cases.  Those  who  have  had  practical  experience 
in  pipe  fitting  will  appreciate  the  wisdom  of  this. 

For  installations  in  places  remote  from  large  supply  houses, 
the  more  usual  forms  of  standard  fittings  should  be  employed, 
such  as  ordinary  T's,  45°  and  90°  elbows,  etc. 

In  such  locations,  where  designers  specify  the  less  usual 
forms  of  standard  fittings  such  as  union  fittings,  offset 
reducers,  etc.,  or  special  fittings  made  to  sketch,  it  simply 
means,  in  the  first  instance  that  they  usually  cannot  be 
obtained  of  the  local  dealer,  making  it  necessary  to  order 
from  some  large  supply  house  and  resulting  in  vexatious 
delays. 

As  a  rule,  those  who  specify  special  fittings  have  found  that 
their  making  requires  an  unreasonable  length  of  time,  and  the 
cost  to  be  several  times  that  of  the  equivalent  in  standard 
fittings. 

An  examination  of  a  few  installations  will  usually  show 
numerous  special  and  odd  shape  fittings,  which  are  entirely 
unnecessary. 

Moreover,  a  standard  design,  in  general,  is  better  than  a 
special  design,  because  the  former  has  been  tried  out,  and  any 
imperfection  or  weakness  remedied,  and  where  thousands  of 
castings  of  a  kind  are  turned  out,  a  better  article  is  usually 
the  result  as  compared  with  a  special  casting. 
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In  the  matter  of  construction,  in  addition  to  the  items  jatf 
mentioned,  it  should  be  considered  with  respect  to 

1.  Quality; 

2.  Range; 

3.  Accessibility; 

4.  Proportion; 

5.  Lubrication; 

6.  Adjustment. 

It  is  poor  policy,  excepting  in  very  rare  instances,  to  buy  a 
"cheap"  article,  as,  especially  in  these  days  of  commercial  £reed\ 
the  best  is  none  too  good. 


Fic.s.  2.788  and  2,787. — Wheel  and  roller  pipe  cutters  illustrating  ranfte.    The  il!ostrst:« 
show  the  comparative  movements  necessary  with  the  two  types  of  cutter  to  perform  t"wr 
function.    The  wheel  cutter  requiring  only  a  small  arc  of  movement  will  cut  a  pip*  in  ? 
inaccessible  place  as  shown,  which  with  a  roller  cutter  would  be  impossible.  According 
the  wheel  cutter  is  said  to  have  a  greater  range  than  the  roller  cutter. 


Perhaps  next  in  importance  to  quality,  at  least  in  most  cases, 
is  range.  This  may  be  defined  as  scope  of  operation,  effectiveness, 
or  adaptability.  The  importance  of  range  is  perhaps  most  pro- 
nounced in  the  selection  of  tools,  especially  for  plants  remote 
from  repair  shops. 

For  instance,  in  selecting  a  pipe  cutter,  there  are  two  general  class*' 
wheel  cutters,  and  roller  cutters.  A  wheel  cutter  has  three  wheels  and 
a  roller  cutter  one  wheel  and  two  rollers,  the  object  of  the  rollers  being 
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to  keep  the  wheel 
perpendicular  to  the 
pipe  in  starting  the 
cut  and  to  reduce 
burning.  It  must  be 
evident  that  in  oper- 
ation, a  roller  cutter 
requires  sufficient 
room  around  the  pipe 
to  permit  making  a 
complete  revolution 
of  the  cutter,  where- 
as, with  a  wheel  cut- 
ter, the  work  may  be 
done  by  moving  the 
cutter  back  andiorth 
through  a  small  arc, 
as  illustrated  in  figs. 
2,786  and  2,787. 
Thus  a  wheel  cutter 
has  a  greater  range 
than  a  roller  cutter. 

Range  relates  not 
only  to  ability  to 
operate  in  inaccess- 
ible places  but  to  the 
various  operations 
that  may  be  per- 
formed by  one  tool. 


Open  construc- 
tion should  be  em- 
ployed, wherever 
possible,  so  that  all 
parts  of  a  machine 
that  require  atten- 
tion, or  that  may 
become  deranged 
in  operation,  may 
be  accessible  for 
adjustment  or  re- 
pair. 
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The  design  should  be  such  that  there  is  ample  strength,  and  the  bear- 
ings for  moving  parts  should  be  of  liberal  proportions  to  avoid  heating 
with  minimum  attention. 

A  comparison  of  the  proportions  used  by  different  manufacturers  for  a 
machine  of  given  size  might  profitably  be  made  before  a  selection  is  made. 

The  matter  of  lubrication  is  important. 

Fast  running  machines,  such  as  generators  and  motors,  should  be 
provided  with  ring  oilers  and  oil  reservoirs  of  ample  capacity,  as  shown 
in  figs.  2,788  to  2,794. 


FlG.  2,788.-^-Sectional  view  showing  a  ring  oiler  or  self  oiling  bearing.  As  shown  the  pedestal 
or  bearing  standard  is  cored  out  to  form  a  reservoir  for  the  oil.  The  rings  are  in  rolling 
contact  with  the  shaft,  and  dip  at  their  lower  part  into  the  oil.  In  operation,  oil  is  brought  up 
by  the  rings  which  revolve  because  of  the  fnctional  contacts  with  the  shaft.  The  oil  is  m 
this  way  brought  up  to  the  top  of  the  bearing  and  distributed  along  the  shaft  gradual] v 
descending  by  gravity  to  the  reservoir,  being  thus  used  over  and  over.  A  drain  cock,  is 
provided  m  the  base  so  that  the  oil  may  be  periodically  removed  from  the  reservoir  and 
strained  to  remove  the  accumulation  of  foreign  matter.  This  should  be  frequently  done 
to  minimize  the  wear  of  the  bearing. 


All  bearings  subject  to  appreciable  wear  should  be  made 
adjustable  so  that  lost  motion  may  be  taken  up  from  time  to 
time  and  thus  keep  the  vibration  and  noise  of  operation  within 
proper  limits. 
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Selection  of  Generators. — This  is  governed  by  the  class  of 
vork  to  be  done  and  by  certain  local  conditions  which  are  liable 
o  vary  considerably  for  different  stations. 

These  variable  factors  determine  whether  the  generators  must 
ye  of  the  direct  or  alternating  current  type,  whether  they  must 
ye  wound  to  develop  a  high  or  a  low  voltage,  and  whether  their 
nit  puts  in  amperes  must  be  large  or  small.  Sufficient  information 
las  already  been  "given  to  cover  these  various  cases;  there  are, 
lowever,  certain  general  rules  that  may  advantageously  be 
)bserved  in  the  selection  of  generators  designed  to  fill  any  of  the 
iforementioned  conditions,  and  it  is  well  to  possess  certain 
'acts  regarding  their  construction. 


Pics.  2.789  to  2.794. — Self  oiling  self  aligning  bearing  open.    Views  showing   oil  grooves, 
rings,  bolts  etc 


Ques.    Name  an  important  point  to  be  considered  in 
selecting  a  generator. 

Ans.    Its  efficiency. 

Ques.   What  are  the  important  points  with  respect 
to  efficiency? 

Ans.  A  generator  possessing  a  high  efficiency  at  the  average 
load  is  more  desirable  than  a  generator  showing  a  high  efficiency 
at  full  load. 
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Ques.  Why? 

Ans.  The  reason  is  that  in  station  practice  the  full  load 
limit  is  seldom  reached,  the  usual  load  carried  by  a  generator 
ordinarily  lying  between  the  one-half  and  three-quarter  load 
points. 

Ques.  How  do  the  efficiencies  of  large  and  small 
generators  compare? 

Ans.    There  is  little  difference. 


Fig.  2,795.— Rotor  of  Westinghouse  type  T  turbine  dynamo  set.  The  dynamo  is  of  the  cocn- 
mutating  pole  type  either  shunt  or  compound  wound.  The  turbine  is  of  the  single  wheel 
impulse  type.  The  wheel  is  mounted  directly  on  the  end  of  the  shaft  as  shown.  Steam  is 
used  two  or  more  times  on  the  wheel  to  secure  efficiency.  A  fly  ball  governor  is  provided 
with  weights  hung  on  hardened  steel  knife  edges.  In  case  of  over  speeding,  an  autoroauc 
safety  stop  throttle  valve  is  tapped  shutting  off  the  steam  supply.  This  type  of  turbine 
dynamo  set  is  especially  applicable  for  exciter  service  in  modem,  superheated  steam 
generating  stations  where  the  steam  pressure  exceeds  125  pounds.  Westinghouse  Type  T 
turbines  operate  directly  (that  is,  without  a  reducing  valve)  on  pressures  up  to  200  pounds 
per  square  inch  with  steam  superheated  to  150  degrees  Fahrenheit. 


Ques.  How  are  the  sizes  and  number  of  generator 
determined  ? 

Ans.  The  sizes  and  number  of  generator  to  be  installed 
should  be  such  as  to  permit  the  engines  operating  them  being 
worked  at  nearly  full  load,  because  the  efficiencies  of  the  latter 
machines  decrease  rapidly  when  carrying  less  than  this  amount. 
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Ques.   What  is  understood  by  regulation? 

Ans.  The  accuracy  and  reliability  with  which  the  pressure 
or  current  developed  in  a  machine  may  be  controlled. 

It  is  generally  possible  if  purchasing  of  a  reputable  concern,  to  ob- 
tain access  to  record  sheets  on  which  may  be  found  results  of  tests  con- 
ducted on  the  generator  in  question,  and  as  these  are  really  the  only 
means  of  ascertaining  the  values  of  efficiency  and  regulation,  the  pur- 
chaser has  a  right  to  inspect  them.  If,  for  some  reason  or  other,  he  has 
not  been  afforded  this  privilege,  he  should  order  the  machine  installed 
in  the  station  on  approval,  and  test  its  efficiency  and  regulation  before 
making  the  purchase. 


Fig.  2.796. — Cross  section  of  electrical  station  showing  small  traveling  crane. 

Installation. — The  installation  of  machines  and  apparatus 
in  an  electrical  station  is  a  task  which  increases  in  difficulty 
with  the  size  of  the  plant.  When  the  parts  are  small  and  com- 
paratively light  they  may  readily  be  placed  in  position,  either 
by  hand,  by  erecting  temporary  supports  which  may  be  moved 
from  place  to  place  as  desired,  or  by  rolling  the  parts  along  on 
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the  floor  upon  pieces  of  iron  pipe.  If,  however,  the  parts  be 
large  and  heavy,  a  traveling  crane  such  as  shown  in  fig.  2,797. 
becomes  necessary. 

Ques.  What  precaution  should  be  taken  in  moving 
the  parts  of  machines? 

Ans.    Care  should  be  taken  not  to  injure  the  bearings  and 


*t  » r,r», ,  i  ,,,„  ,„,  „„,„„  ,,,„,,„„,,  rri,  „»,„f,r„,jr*;,r  *nwTntwmmrvmww?mrr  y  rr-rrrrm 

Y\>,.  L'.T'.C  -\$  ectl-T!  >-i  .  |.  .  in.  .d  o.ji.m  showing  a  traveling  crane  for  the  installation  or 

v.  .  .,;    t  '.. .-.;!•  a  1:  .  :.,-e  t • . i r t s .    A  traveling  crane  consists  of  an  iron  beam 

!\  :  •  :  k  •     ws?h  »>.••:'«.  at  the  i  r.d-;,  can  bo  made  to  move  either  mechanically  or 

-  '-  .       ...  a  tr«  k  :  t  1  .r  ,      i . , •  length  of  the  station.    This  track  is  not  sup- 

■-,  f       the  ■  '  the        i         v:t  n-sts  up«m  Ik-aids  specially  provided  for  the  purpose- 

i-i  . '!  ••  !.•••,.••  -r.al  !!.••••.  n  thn-4  «"l..tai:nrd,  another _  horizontal  motion  at  right 

;i!  i' '•    •  f  •  ."  •  !:  1  !••,-  in'.v!:s  uf  the  carriage  which,  being  also  mounted  or. 

.\  '•  .  ;''■.<■  i  •',•<<>.  tiu-  bc.im.    Electrical  power  is  generally  used  tn 

move  tho  carriage  and  also  the  re  vol  vim*  -irnms  o  stained  thereon,  the  latter  of  which 
a  vertical  motion  to  the  main  hoist  or  the  at;\i!i.u  v  hoist,  these  hoists  being  used  respectively 
for  raising  or  lowering  heavy  or  light  loads.    In  the  larger  sizes  of  electric  traveling  cxara, 
a  cage  is  attached  to  the  t)eam  ior  the  opera  f wliij,  by  means  of  three  controllers  mounted 
in  the  cage,  can  move  a  load  on  cither  t  v  :  ;  an  «  r  auxiliary  hoist  in  any  direction. 

•  '    m.     it"-  it;  1 :  !;•  •.;:i*>t  ;r  rirmits  such  as  those  between 

:  K;i;:r  aiu!  j><>K'  ;«kvi\-,,  .nid       windings  mi  the  field  and  armature. 

The  insulations  of  the  windings  are  perhaps  the  most  vital  parts  of 
a  generator,  and  the  most  readily  injured.   The  prick  of  a  pin  or  tack, 
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a  bruise,  or  a  bending  of  the  wires  by  resting  their  weight  upon  them 
or  by  their  coming  in  contact  with  some  hard  substance,  will  often 
render  a  field  coil  or  an  armature  useless. 

Owing  to  its  costly  construction,  it  is  advisable  when  transporting 
armatures  by  means  of  cranes  to  use  a  wooden  spreader,  as  shown  in 
fig.  2,798  to  prevent  the  supporting  rope  bruising  the  winding. 


ric.  2,798. — View  of  armature  in  transit  showing  use  of  a  wooden  spreader  as  a  protection. 
If  a  chain  be  used  in  place  of  the  rope,  a  padding  of  cloth  should  be  placed  arouna  the  arma- 
ture shaft  and  special  care  taken  that  the  chain  docs  not  scratch  the  commutator. 

Que*.   If  an  armature  cannot  be  placed  at  once  in  its 
final  position  what  should  be  done? 

Ans.  It  may  be  laid  temporarily  upon  the  floor,  if  a  sheet  of 
cardboard  or  cloth  be  placed  underneath  the  armature  as  a 
protection  for  the  windings;  in  case  the  armature  is  not  to  be 
used  for  some  time,  it  is  better  practice  to  place  it  in  a  horizontal 
position  on  two  wooden  supports  near  the  shaft  ends. 
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Ques.  What  kind  of  base  should  be  used  with  a  belt 
driven  generator  or  motor? 

Ans.  The  base  should  be  provided  with  V  ways  and  adjusting 
screws  for  moving  the  machine  horizontally  to  take  up  slack  in 
the  belt,  as  shown  in  fig.  2,799. 

Owing  to  the  normal  tension  on  the  belt,  there  is  a  moment  exerted 
equal  in  amount  to  the  distance  from  the  center  of  gravity  of  the  ma- 


Fig.  2.799. —  Plan  of  helt  drive  machine  showing  V  ways  and  adjusting  screws  for  moving  the 
machine  forward  from  the  engine  or  counter  shaft  to  take  up  slack  in  the  belt. 

chine  to  the  center  of  the  belt,  multiplied  by  the  effective  pull  on  the 
belt.  This  force  tends  to  turn  the  machine  about  its  center  of  gravity. 
By  placing  the  screws  as  shown,  any  turning  moment,  as  just  men- 
tioned, is  prevented. 

Ques.   How  should  a  machine  be  assembled? 

Ans.  The  assembling  should  progress  by  the  aid  of  a  blue 
print,  or  by  the  information  obtained  from  a  photograph  of  the 
complete  machine  as  it  appears  when  ready  for  service.  Each 
part  should  be  perfectly  clean  when  placed  in  position,  especially 
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those  parts  between  which  there  is  friction  when  the  machine 
is  in  operation,  or  across  which  pass  lines  of  magnetic  force;  in 
both  cases  the  surfaces  in  contact  must  be  true  and  slightly 
oiled  before  placing  in  position. 

Contact  surfaces  forming  part  of  electrical  circuits  must  also  be 
clean  and  tightly  screwed  together.  An  important  point  to  bear  in 
mind  when  assembling  a  machine  is,  to  so  place  the  parts  that  it  will 
not  be  necessary  to  remove  any  one  of  them  in  order  to  get  some  other 
part  in  its  proper  position.    By  remembering  this  simple  rule  much 


Pigs.  2,800  to  2.802. — Starrett's  improved  speed  indicator.  In  construction,  the  working  parts 
are  enclosed  like  a  watch.  The  graduations  show  every  revolution,  and  with  two  rows  of 
figures  read  both  right  and  left  as  the  shaft  may  run.  While  looking  at  the  watch,  each 
hundred  revolutions  may  be  counted  by  allowing  the  oval  headed  pin  on  the  revolving 
disc  to  pass  under  the  thumb  as  the  instrument  is  pressed  to  its  work.  A  late  improvrment 
in  this  indicator  consists  in  the  rotating  disc,  which,  being  carried  by  friction  may  be 
moved  to  the  starting  point  where  the  raised  knobs  coincide.  When  the  spindle  is  placed 
in  connection  with  the  revolving  shaft,  pressing  the  raised  knob  with  the  thumb  will 
prevent  the  disc  rotating,  while  the  hand  of  the  watch  gets  to  the  right  position  to 
take  the  time.  By  releasing  the  pressure  the  disc  is  liberated  for  counting  the  revolutions 
of  the  shaft  when  every  100  may  be  noted  by  feeling  the  knob  pass  under  the  thumb 
lightly  pressed  against  it,  thus  relieving  the  eye,  which  has  only  to  look  on  the  watch  to 
note  the  time. 

time  will  be  saved,  and  in  the  majority  of  instances  the  parts  will  finally  be 
better  fitted  together  than  if  the  task  has  to  be  repeated  a  number  of  times. 

When  there  arc  two  or  more  parts  of  the  machine  similarly  shaped, 
it  is  often  difficult  to  properly  locate  them,  but  in  such  cases  notice  should 
be  taken  of  the  factory  marks  usually  stamped  upon  such  pieces  and  their 
proper  places  determined  from  the  instructions  sent  with  the  machine. 

Ques.   What  should  be  noted  with  respect  to  speed  of 
generator? 

Ans.    Each  generator  is  designed  to  be  run  at  a  certain  speed 
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in  order  to  develop  the  voltage  at  which  the  machine  is  rated. 
The  speed,  in  revolutions  per  minute,  the  pressure  in  volts,  and 
the  capacity  or  output  in  watts  (volts  X  amperes)  or  in  kilo- 
watts (thousands  of  watts)  are  generally  stamped  on  a  name- 
plate  screwed  to  the  machine. 

This  requirement  frequently  requires  calculations  to  be  made  by  the 
erectors  to  determine  the  proper  size  pulleys  to  employ  to  obtain  the 
desired  speed. 


Fig.  2.803. — Home  made  belt  clamp.  It  is  made  with  four  pieces  of  oak  of  ample  size  to  firm!? 
grip  the  belt  ends  where  the  bolts  are  tightened.  The  figure  shows  the  clamp  complete  and 
in  position  on  the  belt  and  clearly  illustrates  the  details  of  construction.  In  making  the 
long  bolts  the  thread  should  be  cut  about  three-quarter  length  of  bolt  and  deep  enough  so 
that  the  nuts  will  easily  screw  on. 


Example. — What  diameter  of  engine  pulley  is  required  to  run  a 
dynamo  at  a  speed  of  1,450  revolutions  per  minute  the  dynamo  pulley 
being  10  inches  in  diameter  and  the  speed  of  engine,  275  revolutions 
per  minute? 

The  diameter  of  pulley  required  on  engine  is 

10X  ^t^  =  53  inches,  nearly.  ! 

Rule. — To  find  the  diameter  of  the  driving  pulley,  multiply  the  sped 
of  the  driven  pulley  by  its  diameter,  divide  the  product  by  the  speed  of  th* 

driver  and  the  answer  will  be  the  size  of  the  driver  required. 
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Example. — If  the  speed  of  an  engine  be  325  revolutions  per  min- 
ute, diameter  of  engine  pulley  42  inches,  and  the  speed  of  the  dynamo 
1,40C  revolutions  per  minute,  how  large  a  pulley  is  required  on  dynamo? 

The  size  of  the  dynamo  pulley  is 

42X^  =  9^  inches. 

Rule. — To  find  the  size  of  dynamo  pulley,  multiply  the  speed  of  engine 
by  the  diameter  of  engine  wheel  and  divide  the  product  by  the  speed  of  the 
dynamo. 


•  los.  2.804  and  2.805. — A  good  method  of  lacing  a  belt.    The  view  at  the  left  shows  outer  si Je 
of  belt,  and  at  the  right,  inner  or  pulley  side. 


Example. — If  a  steam  engine,  running  300  revolutions  per  minute, 
have  a  belt  wheel  48  inches  in  diameter,  and  be  belted  to  a  dynamo 
having  a  pulley  12  inches  in  diameter,  how  many  revolutions  per  min- 
ute will  the  dynamo  make? 

The  speed  of  dynamo  will  be 

300 X—  =  1,200  rev.  per  min. 

Rule. — When  the  speed  of  the  driving  pulley  and  its  diameter  are 
known,  and  the  diameter  of  the  driven  pulley  is  known,  the  speed  of 
the  driven  pulley  is  found  by  multiplying  the  speed  of  the  driver  by  its 
diameter  in  inches  and  dividing  the  product  by  the  diameter  of  the  driver* 
pulley. 
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Example. — What  will  be  the  required  speed  of  an  engine  having  a 
belt  wheel  46  inches  in  diameter  to  run  a  dynamo  1,500  revolutions 
per  minute,  the  dynamo  pulley  being  1 1  inches  in  diameter? 

The  speed  of  the  engine  is 

1,500Xt^  =  359  rev.  per  min.  nearly. 

WORKINO  WINDING 
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Fig.  2,806. — Wiring  diagram  and  directions  for  operating  Holrer-Cabot  single  phase 
starting  motor.  Location :  The  motor  should  be  placed  in  as  clear  and  dry  a  location 
possible,  away  from  acid  or  other  fumes  which  would  attack  the  metal  parts  or  ina 
and  should  be  located  where  it  is  easily  accessible  for  cleaning  and  oiling.  Erection : 
motor  should  be  set  so  that  the  shaft  is  level  and  parallel  with  the  shaft  it  is  to  drive 
that  the  belt  will  run  in  the  middle  of  the  pulleys.  Do  not  use  a  belt  which  is  t 
or  too  tight  for  the  work  it  has  to  do,  as  it  will  materially  reduce  the  output  of  themotor. 
The  belt  should  be  from  one-half  to  one  inch  narrower  than  the  pulley.  Rotation: 
order  to  reverse  the  direction  of  rotation,  interchange  leads  A  and  B.  Suspended  Motors: 
Motors  with  ring  oil  bearings  may  be  used  on  the  wall  or  ceiling  by  taking  ofT  end  caps  and 
revolving  90  or  180  degrees  until  the  oil  wells  come  directly  below  the  bearinKs.  Startfii*: 
Motors  are  provided  with  link  across  two  terminals  on  the  upper  right  hand  bracket  at 
the  front  of  the  motor  and  with  this  connection  should  start  considerable  overloads.  If 
the  starting  current  be  too  great  with  this  connection,  it  may  be  reduced  by  removing 
the  link.  Temperatures:  At  full  load  the  motor  will  feel  hot  to  the  hand,  but  this  is 
far  below  the  danger  point.  If  too  hot  for  touch,  measure  temperature  with  a  thermometer 
by  placing  bulb  against  field  winding  for  HI  minutes,  covering  thermometer  with  cloth  or 
waste.  The  temperature  should  not  exceed  75  degrees  Pahr.  above  the  surrounding  air. 
Oiling:  Fill  the  oil  wells  to  the  overflow  be/ore  starting  and  keep  them  full.  See  that 
the  oil  rings  turn  freely  with  shaft.  Care:  The  motor  must  be  kept  clean.  Smooth 
collector  rings  with  sandpaper  and  see  that  the  brushes  make  good  contact.  Wher 
brushes  become  worn  they  may  be  reversed.  When  fitting  new  brushes  or  changing 
always  sandpaper  them  down  until  they  make  good  contact  with  the  collector  nogs,  by 
passing  a  stno  of  sandpaper  beneath  the  brush. 
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Rule. — To  find  the  speed  of  engine  when  diameter  of  both  pulleys, 
and  speed  of  dynamo  are  given,  multiply  the  dynamo  speed  by  the  diam- 
eter of  its  pulley  and  divide  by  the  diameter  of  engine  pulley. 

Ques.  How  are  the  diameters  and  speeds  of  gear  wheels 
igured? 

Ans.  The  same  as  belted  wheels,  using  either  the  pitch  circle 
liameters  or  number  of  teeth  in  each  gear  wheel. 


SINGLE  PHASE 


TWO  PHASE. 


THREE  PHASE. 


ICS.  2,807  to  2,809. — Wiring  diagrams  and  directions  for  operating  Holzer-Cabot  slow 
speed  alternating  current  motors.  Erecting:  In  installing  the  motor,  be  sure  the  trans- 
former and  wiring  to  the  motor  are  large  enough  to  permit  the  proper  voltage  at  the 
terminals.  If  too  small,  the  voltage  will  drop  and  reducr  the  capacity  of  the  motor. 
Offing:  Maintain  oil  in  wells  to  the  overflow.  Starting:  Single  phase  motors  are 
started  by  first  throwing  the  starting  switch  down  into  the  starting  positi<  >n,  and  when  the 
motor  is  up  to  speed,  throwing  it  up  into  the  running  position.  Uo  n<>t  hold  the  switch  in 
starting  fosition  over  io  seconds.  Starter  for  single  phase  motors  above  H  H.P.  are 
arranged  with  an  adjusting  link  at  the  bottom  of  the  panel.  The  link  is  shown  in  the 
position  of  least  starting  torque  and  current.  Connect  from  W  to  2  or  W  to  3  for  start- 
ing heavier  loads.  Two  or  three  phase  motors  are  started  simply  by  closing  the  switch. 
These  motors  start  full  load  without  starters.  The  motor  should  start  promptly  on 
closing  the  switch.  It  should  be  started  the  first  time  without  l>eing  coupled  to  the  line 
shaft.  If  the  motor  start  free,  but  will  not  start  loaded,  it  shows  either  that  the  load 
upon  the  motor  is  too  great,  the  line  voltage  too  low,  or  the  frequency  too  high.  The 
voltage  and  frequency  with  the  motor  running  should  be  within  6%  of  the  name  plate 
rating  and  the  voltage  with  10  to  1  >  while  starting.  If  the  motor  do  not  start  free, 
either  it  is  getting  no  current  or  something  is  wrong  with  the  motor.  In  either  case  an 
electrician  should  be  consulted.  Solution:  To  reverse  the  direction  of  rotation  inter- 
change the  leads  marked  "XX "in  the  diagrams.  Temperature:  At  full  load  the  motor 
should  not  heat  over  75  degrees  Fahr.  above  the  temperature  of  the  surrounding  air;  if 
run  in  a  small  enclosed  space  with  no  ventilation,  the  temperature  will  be  somewhat 
higher. 
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Ques.  What  should  be 
noted  with  respect  to  gen- 
erator pulleys? 

Ans.    A  pulley  of  certain 
size  is  usually  supplied  with 
each  generator  by  its  manu- 
facturer, and  it  is  not  gener- 
ally advisable  to  depart  much 
from  the  dimensions  of  this 
pulley.    Accordingly,  the  so- 
lution of  the  pulley  problem 
usually  consists  in  finding  the 
necessary  diameter   of  the 
driving   pulley    relative  to 
that  of  the  pulley  on  the 
generator  in  order  to  furnish 
the  required  speed. 


Ques.  What  is  the  chief 
objection  to  belt  drive? 

Ans.  The  large  amount  of 
floor  space 


Ques.  How  may  the 
amount  of  space  that 
would  ordinarily  be  re- 
quired for  belt  drive,  be 
reduced? 

Ans.  By  driving  machines 
in  tandem  as  in  fig.  2,810,  or 
by  the  double  pulley  drive  as 
in  fig.  2,811. 
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Ques.   What  is  the  objection  to  the  tandem  method? 

Ans.  The  most  economical  distance  between  centers  cannot 
-e  employed  for  all  machines. 

Ques.   What  is  the  objectionable  tendency  in  resorting 

0  floor  economy  methods  with  belt  transmission? 

Ans.  The  tendency  to  place  the  machines  too  closely  together. 
[*his  is  poor  economy  as  it  makes  the  cleaning  of  the  machines 

1  difficult  and  dangerous  task;  it  is  therefore  advisable  to  allow 
ufficient  room  for  this  purpose  regardless  of  the  method  of 
melting  employed. 


T 


he  2.811- — Double  pulley  drive  for  economizing  floor  space  with  belt  transmission.  Where 
a  center  crank  engine  is  used  both  pulleys  may  be  employed  by  belting  a  machine  to  each 
as  shown.  Although  considerable  floor  space  would  be  saved  by  the  use  of  this  scheme 
if  the  generators  thus  belted  were  placed  at  M  and  G  yet  still  more  floor  space  would  be 
saved  by  having  them  occupy  the  positions  indicated  at  M  and  S. 


Ques.   What  is  the  approved  location  for  an  alternator 
exciter? 

Ans.    To  economize  floor  space  the  exciter  may  be  placed 
between  the  alternator  and  engine  at  S  in  fig.  2,811. 

Belts. — In  the  selection  of  a  belt,  the  quality  of  the  leather 
should  be  first  under  consideration.  The  leather  must  be  firm, 
yet  pliable,  free  from  wrinkles  on  the  grain  or  hair  side,  and  of 
an  even  thickness  throughout. 
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If  the  belt  be  well  selected  and 
properly  handled,  it  should  do  ser- 
vice for  twenty  years,  and  even 
then  if  the  worn  part  be  cut  off, 
the  remaining  portion  may  be  re- 
made and  used  again  as  a  narrowei 
and  shorter  belt. 


Besides  leather  belts,  there  are  tho® 
made  of  rubber  which  withstand  moist 
ure  much  better  than  leather  beltSgjto 
which  also  possess  an  excellent  grurbi 
the  pulley;  they  are,  however,  jdot 
costly  and  much  less  durable  undt 
normal  conditions. 


In  addition  to  leather  and 
belts,  there  are  belts  composed 
ton,  of  a  combination  of  cott_ 
leather,  and  of  rope.  The  leather 
however,  is  the  standard  and  is 
recommended. 


Equally  important  with  the  qua] 
ity  of  a  belt  is  its  size  in  order  t 
transmit  the  necessary  power. 


The  average  strain  under  which  lei 
ther  will  break  has  been  found  b 
many  experiments  to  be  3,200  poum: 
per  square  inch  of  cross  section, 
good  quality  of  leather  will  sustain 
somewhat  greater  strain.  In  use  o 
the  pulleys,  belts  should  not  be  su^; 
jected  to  a  greater  strain  than  or^ 
eleventh  their  tensile  strength,  or  aboi; 
290  pounds  to  the  square  inch  or  croi 
section.  This  will  be  about  55  pouno 
average  strain  for  every  inch  in  widt 
of  single  belt  three-sixteenths  inc 
thick.     The  strain   allowed  for  :i 

Digitized  by  Google 


MANAGEMENT 


2,011 


widths  of  belting — single,  light  double,  and  heavy  double — is  in  direct 
proportion  to  the  thickness  of  the  belt. 

Ques.    How  much  horse  power  will  a  belt  transmit? 

Ans.    The  capacity  of  a  belt  depends  on,  its  width,  speed, 

ind  thickness.  A  single  belt  one  inch  wide  and  travelling  1,000 
ket  per  minute  will  transmit  one  horse  power;  a  double  belt  under 
he  same  conditions,  will  transmit  two  horse  power. 


ML  2,813. — One  horse  power  transmitted  by  belt  to  illustrate  the  rule  given  above.  A  pulley 
is  driven  by  a  belt  by  means  of  the  friction  between  the  surfaces  in  contact.  Let  T  be 
the  tension  on  the  driving  side  of  the  belt,  and  T'.  the  tension  on  the  loose  side;  then  the 
driving  force  *»T—  T'*  In  the  figure  T  is  taken  at  34  lbs.  and  T'  at  1  lb.;  hence  driving 
force  "-34  — 1  —33  lbs.  Since  the  belt  is  travelling  at  a  velocity  of  1.000  feet  per  minute 
the  power  transmitted  =33  lbs.  X  1,000  ft,  =33,000  ft,  lbs.  per  minute  =  1  horse  power. 


This  corresponds  to  a  working  pull  of  33  and  66  lbs.  per  inch  of 
width  respectively. 

Example. — What  width  double  belt  will  be  required  to  transmit 
50  horse  power  travelling  at  a  speed  of  3,000  feet  per  minute? 

The  horse  power  transmitted  by  each  inch  width  of  double  belt  trav- 
elling at  the  stated  speed  is 


( 


the  width  of  belt  required  to  transmit  50  horse  power  is 

60  +  6  =  8.33,  say  8  inches. 
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Ques.   At  what  velocity  should  a  belt  be  run? 

Ans.    At  from  3,000  to  5,000  feet  per  minute. 

Ques.  How  may  the  greatest  amount  of  power  trans- 
mitting capacity  be  obtained  from  belts? 

Ans.    By  covering  the  pulleys  with  leather. 

Ques.   How  should  belts  be  run? 

Ans.    With  the  tight  side  underneath  as  in  fig.  2,814. 


Right  way 


WRONG  WAV 

Pigs.  2.814  and  2.815 —Right  and  wrong  way  to  run  a  belt.    The  tight  side  should  be  undei 
neath  so  as  to  increase  the  arc  of  contact  and  consequently  the  adhesion,  that  is  to  say. 
better  grip,  is  in  this  way  obtained. 

Ques.  What  is  a  good  indication  of  the  capacity  of  s 
belt  in  operation? 

Ans.    Its  appearance  after  a  few  days'  run. 

If  the  side  of  the  belt  coming  in  contact  with  the  pulley  assume  i 
mottled  appearance,  it  is  an  indication  that  the  capacity  of  the  belt  i 
considerably  in  excess  of  the  power  which  it  is  transmitting,  inasmucJ 
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as  the  spotted  portions  of  the  belt  do  not  touch  the  pulley;  and  in 
consequence  of  this  there  is  liable  to  be  more  or  less  slipping. 

Small  quantities  of  a  mixture  of  tallow  and  fish  oil  which  have  pre- 
viously been  melted  together  in  the  proportion  of  two  of  the  former 
to  one  of  the  latter,  will,  if  applied  to  the  belt  at  frequent  intervals, 
do  much  toward  softening  it,  and  thus  by  permitting  its  entire  surface 
to  come  in  contact  with  the  pulley,  prevent  any  tendency  toward  slip- 
ping. The  best  results  are  obtained  when  the  smooth  side  of  the  belt 
is  used  next  to  the  pulley,  since  tests  conducted  in  the  past  prove  that 
more  power  is  thus  transmitted,  and  that  the  belt  lasts  longer  when 
used  in  this  way. 


PlC  2316. — The  Hill  friction  clutch  pulley  for  power  control.    The  clutch  mechanism  will  start 
a  load  equivalent  to  the  double  belt  capacity  of  the  pulley  to  which  the  clutch  is  attached. 

Ques.  What  is  the  comparison  between  the  so  called 
endless  belts  and  laced  belts? 

Ans.  With  an  endless  belt  there  is  no  uneven  or  noisy  action 
as  with  laced  belts,  when  the  laced  joint  passes  over  the  pulleys, 
and  the  former  is  free  from  the  liability  of  breakage  at  the  joint. 

Ques.   How  should  a  belt  be  placed  on  the  pulleys? 

Ans.  The  belt  should  first  be  placed  on  the  pulley  at  rest, 
and  then  run  on  the  other  pulley  while  the  latter  is  in  motion. 
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The  best  results  are  obtained,  and  the  strain  on  the  belt  is  less,  when 
the  speed  at  which  the  moving  pulley  revolves  is  comparatively  low. 
With  heavy  belts,  particular  care  should  be  taken  to  prevent  any  por- 
tion of  the  clothing  being  caught  either  by  the  moving  belt  or  pulleys, 
as  many  serious  accidents  have  resulted  in  the  past  from  carelessness 
in  regard  to  this  important  detail.  The  person  handling  the  belt  should, 
therefore,  be  sure  of  a  firm  footing,  and  when  it  is  impossible  to  secure 
this.it  is  advisable  to  stop  the  engine  and  fit  the  belt  around  the  engine 
pulley  as  well  as  possible  by  the  aid  of  a  rope  looped  around  the  belt. 


Fig.  2.8! 7. — Sectional  view  of  Hill  clutch  mechanism.  In  every  case  the  mechanism  hub  A, 
and  in  a  clutch  coupling  the  ring  W,  is  permanently  and  rigidly  secured  to  the  shaft  and 
need  not  be  disturbed  when  removing  the  wearing  parts.  When  erected,  the  adjustment 
should  be  verified,  and  always  with  the  clutch  and  ring  engaged  and  at  rest.  If  the  jaws 
do  not  press  equally  on  the  ring,  or  if  the  pressure  required  on  the  cone  be  abnormal, 
loosen  the  upper  adjusting  nuts  T'  on  eye  bolts  and  set  up  the  lower  adjusting  nuts  T" 
until  each  set  of  jaws  is  under  the  same  pressure.  Should  the  clutch  then  slip  when  started 
it  is  evident  that  the  jaw  pressure  is  insufficient  and  a  further  adjustment  will  be  necessary. 
All  clutches  are  equipped  throughout  with  split  lock  washers.  Vibration  or  shock  will 
not  loosen  the  nuts  if  properly  set  up.  The  jaws  can  be  removed  parallel  to  the  shaft  as 
follows:  Remove  the  gibs  V,  and  withdraw  the  jaw  pins  P,  then  pull  out  the  levers  D. 
Do  not  disturb  the  eye  bolt  nuts  T'  and  T".  The  outside  jaws  B  can  now  be  taken  out- 
Remove  the  bolt  nuts  I  allowing  the  fulcrum  plates  R  to  be  taken  off.  On  the  separable 
hub  pattern  the  clamping  bolts  must  be  taken  out  before  fulcrum  plate  is  removed.  The 
inside  jaws  C  may  now  be  withdrawn.  Always  set  the  clutch  operating  lever  in  the  position 
as  shown  in  fig.  2,816  to  avoid  interference  with  mechanism  parts.  Oil  the  moving  parts 
of  the  clutch.  Keep  it  clean.  Examine  at  regular  intervals. 

Ques.  Under  what  conditions  does  a  belt  drive  give 
the  best  results? 

Ans.    When  the  two  pulleys  are  at  the  same  level. 

If  the  belt  must  occupy  an  inclined  position  it  should  not  form  a  greater 
angle  than  45  degrees  with  the  horizontal. 

Ques.  What  is  a  characteristic  feature  in  the  operation 
of  belts,  and  why? 

Ans.    Belts  in  motion  will  always  run  to  the  highest  side  of  a 
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pulley;  this  is  due  partially  to  the  greater  speed  in  feet  per 
minute  developed  at  that  point  owing  to  the  greater  circum- 
tereace  of  the  pulley,  and  also  to  the  effects  of  centrifugal  force. 

If,  therefore,  the  highest  sides  of  both  pulleys  be  in  line  with  each 
other,  and  the  shafts  of  the  respective  pulleys  be  parallel  to  each  other, 
there  will  be  no  tendency  for  the  beh  to  leave  the  pulleys  when  once 
in  its  proper  position.  In  order  that  these  conditions  be  maintained, 
the  belt  should  be  no  more  than  tight  enough  to  prevent  slipping,  and 
the  distance  between  the  centers  of  the  pulleys  should  be  approximately 
3.5  times  the  diameter  of  the  larger  onv 


Tk.  — Bfl  clutch  mechanism  Smith  type.  The  mctkro  surfaces  are  wood  to  iron,  the 
wood  shoes  hemp  made  from  maple.  All  parts  of  the  toggle  gear  are  of  steel  and  forgmgs 
with  the  exception  of  the  connection  lever  which  is  of  cast  iron. 

Ques.  What  minor  appurtenances  should  be  provided 
in  a  station? 

Ans.  Apparatus  should  be  installed  as  a  prevention  against 
accidents,  such  as  fire,  and  protection  of  attendants  from  danger. 

In  every  electrical  station  there  should  be  a  pump,  pipes  and  hose- 
the  pump  may  be  either  directly  connected  to  a  small  electric  motor  or 
belted  to  a  countershaft,  while  the  pipes  and  hose  should  be  so  placed 
that  no  water  can  accidentally  reach  the  generators  and  electrical 
circuits. 
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A  number  of  fire  bucket  filled  with  water  should  be  placed  on  brackets 
around  the  station,  and  with  these  there  should  be  an  equal  number  of 
bucket  containing  dry  sand,  the  water  being  used  for  extinguishing 
fire  occurring  at  a  distance  from  the  machines  and  conductors,  and  the 
sand  for  extinguishing  fire  in  current  carrying  circuits  where  water 
would  cause  more  harm  than  benefit.  To  prevent  the  sand  being  blown 
about  the  station,  each  sand  bucket,  when  not  in  use,  should  be  provided 
with  a  cover. 

Neat  cans  and  boxes  should  be  mounted  in  convenient  places  for 
greasy  rags,  waste,  nuts,  screws,  etc.,  which  are  used  continually  and 
which  therefore  cannot  be  kept  in  the  storeroom. 

While  it  is  important  to  guard  against  fire  in  the  station,  it  is  equally 
necessary  to  provide  for  personal  safety.    All  passages  and  dark  pits 


Fig.  2.819. — Method  of  joining  adjacent  switchboard  panels. 

- 

should  therefore  be  thoroughly  lighted  both  day  and  night,  and  obstacle 
of  any  nature  that  are  not  absolutely  necessary  in  the  operation  of  th» 
station,  should  be  removed.  Moving  belts,  and  especially  those  passinj 
through  the  floor,  should  be  enclosed  in  iron  railings.  If  high  voltage 
be  generated,  it  is  well  to  place  a  railing  about  the  switchboard  to  preven 
accidental  contact  with  current  carrying  circuits,  and  in  such  cases  it  i 
also  advisable  to  construct  an  insulated  platform  on  the  floor  in  front  c 
the  switchboard. 


Switchboards. — The  plan  of  switchboard  wiring  for  alter 
nating  current  work  depends  upon  the  system  in  use  and  thi 
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latter  mav  be 
either  of  the 
single  phase,  two 
phase,  three 
phase,  or  mono- 
cyclic types. 
The  general 
principles  in  all 
these  cases, 
however,  are 
practically  iden- 
tical. 


Fig.  2,820 
shows  the  switch- 
board wiring  for  a 
single  phase  alter- 
nator. As  an  aid 
in  reading  the  dia- 
gram, the  conduc- 
tors carrying  al- 
ternating current 
are  represented 
by  solid  lines, 
and  those  carry- 
ing direct  cur- 
rent, by  dotted 


The  exciter 
shown  at  the 
right  is  a  shunt 
wound  machine. 
By  means  of  the 
exciter  rheostat, 
the  voltage  for 
exerting  the  field 
winding  of  the  al- 
ternator is  varied ; 
this,  in  turn,  va- 
ries the  voltage 
developed  in  the 


Pic.  2.890. — Switchboard  wiring  for  a  single  phase  separately 
excited  alternator.    The  direct  current  circuits  are  repreai 
by  dotted  lines,  and  the  alternating  current  circuit,  by 
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Figs.  2,821  to  2.825.— 
General  Electric  dia- 
grams of  connections. 
A,  ammeter;  C.B.  cir- 
cuit breaker;  CP,  can- 
dle power;  C.T,  cur- 
rent transformer;  D.R. 
discharge  resistance;  P, 
fuse;  F.S,  field  switch: 
L,  lamp;  O.C, overload 
coil;  P.P,  pressure  plug; 
P.R,  pressure  recept- 
acle; R.C,  reactance; 
rheo,  rheostat ;  R.P, 
synchronizing  plug, 
running;  R.S.  resist- 
ance; S,  switch;  S.I, 
synchronism  indicator; 
S.  P,  synchronizing 
plug,  starting;  S.R, 
synchronizing  recept- 
acle; V,  voltmeter. 
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alternator  since  the  main  leads  of  the  exciter  are  connected  through  a 
double  pole  switch  G  to  the  field  winding  of  the  alternator. 

A  rheostat  is  also  introduced  in  the  alterantor  field  winding  circuit 
to  adjust  the  alternator  pressure.  It  may  seem  unnecessary  to  employ 
a  rheostat  in  each  of  two  separate  field  circuits  to  regulate  the  voltage 
of  the  alternator,  but  these  rheostats  are  not  both  used  to  produce  the 
same  result.  When  a  considerable  variation  of  pressure  is  required, 
the  exciter  rheostat  is  manipulated,  whereas  for  a  fine  adjustment  of 
voltage  the  alternator  rheostat  is  preferably  employed. 

Sometimes  a  direct  current  ammeter  is  introduced  in  the  alternator's 
field  circuit  to  aid  in  the  adjustment. 

The  main  circuit  of  alternator  after  being  protected  on  both  sides  by 
fuses,  runs  to  the  double  pole  switch  K.  These  fuses  serve  as  a  protection 
to  the  alternator  in  case  of  a  short  circuit  at  the  main  switcn.  It  will 
be  noticed  the  fuses  are  of  the  single  pole  type  and  are  mounted  a  con- 
siderable distance  apart;  this  is  to  prevent  any  liability  of  a  short 
circuit  between  them  in  case  of  action.  Enclosed  fuses  are  now  used  en- 
tirely for  such  work,  since  in  these  there  is  no  danger  of  heated  metal 
txnng  thrown  about  and  causing  damage  when  the  iuse  wire  is  melted. 
Enclosed  fuses  are  also  more  readily  and  quickly  replaced  than  open  fuses, 
the  containing  tube  of  each  being  easy  to  adjust  in  circuit,  and  when  the 
fuse  wire  within  is  once  melted  the  tube  is  discarded  for  a  new  one. 

The  main  circuit  after  passing  through  the  main  switch  is  further 
protected  on  both  sides  by  circuit  breakers.  Leaving  these  protective 
devices,  the  left  hand  side  of  the  circuit  includes  the  alternating  current 
ammeter,  and  then  connects  with  one  of  the  bus  bars.  The  right  hand 
side  of  the  circuit  runs  from  the  circuit  breaker  to  the  other  bus  bar. 
As  many  feeder  circuits  may  be  connected  to  the  bus  bars  and  supplied 
with  current  by  the  alternator  as  the  capacity  of  this  machine  will  per- 
mit. If,  however,  there  be  more  than  one  feeder  circuit,  each  must  be 
wired  through  a  double  pole  switch. 

In  alternating  current  work  the  pressures  dealt  with  are  much  greater 
than  those  in  direct  current  installations,  so  that  proportionate  care 
must  be  taken  in  the  wiring  to  remove  all  possibility  of  grounds. 

To  locate  such  troubles,  however,  should  they  occur,  a  ground  detector 
is  provided.  For  this  class  of  work  the  ground  detector  must  be  an 
instrument  especially  designed  for  high  pressure  circuits.  Two  of  its 
terminals  should  be  connected  to  the  line  wires  and  the  third,  to  ground; 
in  case  of  a  leak  on  the  line,  a  current  will  then  flow  through  the  detector 
and  by  the  position  of  the  pointer  the  location  and  seriousness  of  the 
leak  may  be  judged. 

A  step  down  transformer  is  also  rendered  necessary  for  the  voltmeter 
and  the  pilot  lamps,  owing  to  the  high  voltage  in  use.  The  primary 
winding  of  the  transformer  is  connected  across  the  main  circuit  of  the 
alternator.  This  connection  should  never  be  made  so  that  it  will  be  cut 
out  of  circuit  when  the  main  switch  is  open,  for  it  is  always  advisable  to 
consult  the  voltmeter  before  throwing  on  the  load  by  closing  this  switch. 
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Ques.  How  does  the  switchboard  wiring  for  a  two 
phase  system  differ  from  the  single  phase  arrangement 
shown  in  fig.  2,820? 

Ans.  It  is  practically  the  same,  except  for  the  introduction 
of  an  extra  ammeter  and  a  compensator  in  each  of  the  outside 
wires,  and  in  the  use  of  a  four  pole  switch  in  place  of  the  two 
pole  main  switch. 

The  ammeters,  of  course,  are  for  measuring  the  alternating  currents 
in  each  of  the  two  phases  or  legs  of  the  system,  and  the  compensators 
are  two  transformers  with  their  primary  coils  in  series  with  the  outside 
wires  and  their  secondary  coils  in  series  with  each  other  across  the  out- 
side wires.  The  transformers  thus  connected  are  known  as  compen- 
sators or  pressure  regulators,  and  as  such  compensate  for  the  drop  in 
pressure  on  either  side  of  the  system. 

Ques.    How  is  the  four  pole  main  switch  wired  ? 

Ans.  Its  two  central  terminals  which  connect  directly  with 
the  line  wires,  are  joined  together  by  a  conductor,  and  from 
this  point  one  wire  is  led  off.  This  wire,  together  with  the  two 
outside  wires,  form  the  feeders  of  the  system. 

Ques.  How  many  voltmeters  are  required  for  the  two 
phase  system? 

Ans.  One  voltmeter  is  sufficient  on  the  board  if  a  proper 
switching  device  be  employed  to  shift  its  connections  across 
either  of  the  two  circuits;  otherwise,  two  voltmeters  will  be 
necessary,  one  bridged  across  each  of  these  respective  circuits. 

The  same  reasoning  holds  true  in  regard  to  ground  detectors,  so  that 
one  or  two  of  these  will  be  required,  depending  upon  the  aforementioned 
conditions. 

Ques.  What  are  the  essential  points  of  difference 
between  the  single  phase  switchboard  wiring  as  shown 
in  fig.  2,820,  and  that  required  for  a  three  wire  three  phase 
system? 

Ans.    The  three  phase  system  requires  the  use  of  a  three  pole 
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switch  in  place  of  the  two  pole  switch ;  the  insertion  of  an  amme 
ter,  a  circuit  breaker,  and  a  compensator  in  each  of  the  thre 
wires  of  the  system;  the  presence  of  two  ground  detectors  in 
stead  of  one,  and  the  addition  of  a  voltmeter  switch  if  but  on 
voltmeter  be  provided,  or  else  the  installation  of  two  voltmeters 
connected  the  one  between  the  middle  wire  and  outer  right  han< 
wire,  and  the  other  between  the  middle  wire  and  outer  lef 
hand  wire. 


Fig.  2,830 — Diagram  of  switchboard  connections  for  General  Electric  automatic  voltafl 
regulator  with  two  exciters  and  two  alternators. 

Ques.  Mention  a  few  points  relating  to  lightning 
arresters. 

Ans.  In  most  cases  where  direct  current  is  used  they  are 
mounted  on  the  walls  of  the  station  near  the  place  at  which  the 
line  wires  enter.  If  they  be  mounted  outside  the  station  at  this 
point,  special  precautions  should  be  taken  to  keep  them  free 
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(gs.  2331  and  2.832.— Garton-Daniels  alternating 
current  lightning  arrester;  diagram  showing  con- 
nections. A  lightning  discharge  takes  the  path 
indicated  by  the  dotted  line,  across  the  upper  air 
sap  A.  through  resistance  rod  B,  C,  D,  across  cop- 
per strip  R  on  the  base,  thence  flowing  to  ground 
through  the  movable  plunger  M,  lower  on  gap 
N,  and  ground  binding  post  L.  The  discharge 
path  is  practically  straight,  contains  an  air  gap, 
distance  of  but  3-32  inch,  a  scries  resistance 
.•■TiK'ir:*  but  22 't  ohms.  The  lightning  dis- 
charge does  not  flow  through  the  flexible  lead 
connecting  band  D  on  the  lower  end  of  the  re- 
sistance rod  with  the  top  of  the  movable  plunger. 
These  two  points  are  electrically  connected  by 
'  i  ".cavv  (-..;. per  strip  R,  ami  lu'h'n:n^  <  !i h  irv  ; 
,?r.-r.4:.y.  if  not  always,  take  the  path  across  this 
copper  strip  in  preference  to  flowing  through 
the  inductance  of  the  one  turn  of  flexible  cable. 
When  a  discharge  occurs  from  line  to  ground 
through  any  lightning  arrester,  the  air  gaps  arc 
over,  and  so  there  is  offered  a  path  from  line  to 
ground  for  the  line  current.  This  flow  of  line 
current  following  the  lightning  discharge  to 
ground  may  vary  anywhere  from  a  small  capac- 
ity current  where  the  arrester  is  installed  on  an 
ungrounded  circuit,  a  moderately  heavy  flow  on 
■i  partially  grounded  eireuit,  t  |  a  Very  hravy 
low  on  a  grounded  circuit — either  a  circuit  oper- 
ated as  a  dead  grounded  circuit,  or  a  circuit 
which  has  become  accidentally  grounded  during 
a  storm.  The  path  taken  by  this  flow  of  line 
current  from  line  to  ground  may  be  traced  by 
following  the  path  shown  by  the  dashed  line. 
It,  as  seen,  crosses  upper  air  gap  A,  flows  through 
fcction  B  of  the  resistance  rod  to  band  C.  Leav- 
ing band  C  it  flows  through  the  magnet  winding 
H.  thence  to  band  D  on  the  resistance  rod, 
through  flexible  lead  to  upper  end  of  mov- 
able plunger,  through  movable  plunger,  across 
lower  air  gap  N,  to  ground  binding  post  L, 
thence  to  ground.   The  function  of  the  short 

length  of  resistance  rod  CD  is  as  follows:  It  has  an  ohmic  resistance  of  about  30 
but  is  non-inductive.  Magnet  winding  H.  connected  to  bands  C  and  D  on  the  ends  of  this 
ihort  length  of  rod  has  an  ohmic  resistance  of  3  ohms,  but  is  highly  inductive.  Lightning 
discharges  being  of  high  frequency  take  the  higher  resistance  but  non-inductive  path  CD 
in  their  passage  from  line  to  ground.  The  flow  of  normal  current  from  line  to  ground  being 
of  a  very  low  frequency,  25  or  00  cycles  in  ordinary  alternating  current  circuits,  zero  in 
direct  current  circuits — takes  the  low  resistance  path  through  coil  H  in  its  path  to  ground. 
Section  CD  of  the  rod  is  used  therefore  simply  to  shunt  the  inductance  of  winding  H  to 
high  frequency  lightning  discharges,  leaving  the  lightning  discharge  path  in  the  arrester 
a  non-inductive  highly  efficient  path.  In  all  Garton-Daniels  A.  C.  lightning  arresters 
operating  on  non-grounded  or  partially  grounded  circuits,  the  action  of  the  air  gaps  and 
series  resistance  are  together  sufficient  to  extinguish  the  How  of  normal  current  to  ground 
at  the  zero  point  of  the  generator  voltage  wave.  If,  however,  as  frequently  happens,  the 
line  grounds  accidentally  during  a  storm,  then  the  arrester  does  not  have  to  depend  for  its 
proper  operation  on  the  arc  extinguishing  properties  of  the  air  gaps  and  resistance,  but  the 
heavier  now  of  line  current  through  the  arrester  energizes  the  movable  plunger,  which 
raises  upward  in  the  coil,  opening  the  circuit  between  the  discharge  point  M  ana  the  lower 
rnd  of  the  plunger.  To  limit  the  flow  of  line  current  to  ground  the  resistance  rod  B  is 
provided,  there  being  approximately  225  ohms  between  the  discharge  point  A  and  clamp  C 
m  the  2,500  volt  arrester.  This  feature  is  particularly  effective  where  the  circuit  is  tem- 
porarily or  accidentally  grounded.  The  sones  resistance  prevents  a  heavy  short  circuit 
through  the  arrester  and  limits  the  current  to  a  value  that  is  readily  broken  by  the  cut  out 
and  is  n< 
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from  moisture  by  enclosing  them  in  iron  cases,  but  no  matter 
where  they  are  located  it  is  necessary  that  they  be  dry  in  order 
to  work  properly. 

If  possible,  one  place  should  be  set  aside  for  them  and  a  marble  or  slate 
panel  provided  on  which  they  may  be  mounted. 

Wooden  supports  are  undesirable  for  lightning  arresters  on  account 
of  the  fire  risk  incurred;  this,  however,  may  be  reduced  to  a  minimum 
by  employing  skeleton  boards  and  using  sheets  of  asbestos  between  the 
arresters  and  the  wood. 

In  parts  of  the  country  where  lightning  is  of  common  occurrence 
and  where  overhead  circuits  are  installed  which  carry  high  pressures, 
heavy  currents,  and  extend  over  considerable  territory,  it  is  advisable 
to  have  the  station  well  equipped  with  lightning  arresters  of  the  most 
improved  types. 

In  each  side  of  the  main  circuit,  between  the  lightning  arrester  con- 
nections and  the  switchboard  apparatus  there  should  be  connected  a 
choke  coil  or  else  each  of  the  main  conductors  at  this  point  should  be 
tightly  coiled  up  part  of  its  length  to  answer  the  same  purpose. 

A  quick  and  effective  way  of  coiling  up  a  wire  consists  in  wrapping 
around  a  cylindrical  piece  of  iron  or  wood  that  part  of  the  conductor 
in  which  it  is  desired  to  have  the  coils,  the  desired  number  of  times,  and 
then  withdrawing  the  cylindrical  piece.  The  coils,  each  of  which  may 
contain  50  or  2C0  turns,  thus  inserted  in  the  main  circuit  introduce  a 
high  resistance  or  reluctance  to  a  lightning  current,  and  thus  prevent 
it  passing:  to  the  generator;  there  will,  however,  be  an  easy  path  to 
earth  afforded  it  through  the  lightning  arrester,  and  so  no  damage  will 
be  done.  Coils  of  the  nature  just  mentioned  may  advantageously  be 
introduced  between  the  generator  and  switchboard  to  take  up  the 
reactive  current  developed  upon  the  opening  of  the  circuit,  and  in  the 
case  of  suspended  conductors,  the  coils  may  be  used  to  take  up  the 
slack  by  the  spring-like  effect  produced  by  them. 

The  safety  of  the  operator  should  be  especially  considered  in  the 
design  of  high  pressure  alternating  current  switchboards. 

Such  protection  may  be  secured  by  screening  all  the  exposed  terminals, 
or  preferably  by  mounting  all  the  switch  mechanism  on  the  back  of  the 
board  with  simply  the  switch  handle  projecting  through  to  the  front; 
by  pushing  or  pulling  the  switch  handle,  the  connections  can  thus  be 
shifted  either  to  one  side  of  the  system  or  to  the  other. 

Ques.   Upon  what  does  the  work  of  assembling  a  switch  - 
board  depend  ? 

Ads,    It  depends  almost  entirely  upon  the  size  of  the  plant, 
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varying  from  the  simple  task  of  mounting  a  single  panel  in  the 
case  of  an  isolated  plant,  to  the  more  difficult  problem  of 
supporting  a  large  number  of  panels  in  a  central  station. 

Ques.  When  the  material  chosen  for  a  switchboard 
must  be  shipped  a  considerable  distance,  what  form  of 
board  should  be  used? 

Ans.  The  board 
units  or  "slabs" 
should  be  of  small 
dimensions,  to 
avoid  the  liability 
of  breakage  and 
expense  of  renewal 
when  a  unit  be- 
comes cracked  or 
machine  injured. 

Ordinarily,  switch- 
boards vary  from  five 
to  eight  feet  in  height 
and  the  widths  of 
the  panels  vary  from 
five  to  six  feet.  I& 
some  boards  the 
seams  between  the 
slabs  run  vertically 
and  in  others  hori- 
zontally. In  order 
to  render  the  assem- 
bling of  the  switch- 
board as  simple  as 
possible,  and  its 
appearance  when 
finished  the  most 
artistic,  these  seams 
should  run  horixofl- 
tally  rather  than  ver- 
tically. The  edges  of 
each  of  the  slabs 
should  also  be  cham- 
fered so  that  there 
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will  be  less  danger  of  their  breaking  out  when  being  mounted  on  the 
framework. 


Ques.  In  assembling  a  swtichboard,  how  should  the 
lower  slabs  be  placed,  and  why? 

Ans.  They  should  be  suspended 
a  little  distance  from  the  floor  to 
prevent  contact  with  any  oil,  dirt, 
water  or  rubbish  that  might  be  on 
the  floor. 

Ques.   How  are  the  slabs  or 
panels  supported? 

Ans.  They  are  carried  on  an 
ison  or  wooden  framework  with 
braces  to  give  stability. 

The  braces  should  be  securely  fas- 
tened at  one  end  to  the  wall  of  the  sta- 
tion, and  at  the  other  end  to  the  frame- 
work of  the  board,  as  shown  in  fig. 
2,836. 

To  fasten  the  switchboard  end  of  the 
brace  directly  to  the  slate,  marble  or 
other  material  composing  the  board  is 
poor  practice  and  should  never  be  at- 
tempted. 

If  the  station  be  constructed  of  iron, 
these  switchboard  braces  must  be 
such  that  they  will  thoroughly  insu- 
late the  board  and  its  contents  from 
the  adjoining  wall. 

Ques.    What  is  the  usual 
equipment  of  a  switchboard? 

Ans.  It  comprises  switching  devices,  current  or  pressure 
limiting  devices,  indicating  devices,  and  fuses  for  protecting  the 
apparatus  and  circuits. 


Fig.  2,836. — Method  of  supporting 
the  framework  of  a  switchboard. 
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2,837. — Diagram  showing  elementary  connections  of  General  Electric  automatic  regulator 
for  direct  current.  It  consists  essentially  of  a  main  control  magnet  with  two  independent 
windings  and  a  differentially  wound  relay  magnet.  One  winding,  known  as  the  pressure 
winding,  of  the  main  control  magnet  is  connected  across  the  dynamo  terminals,  the  other 
across  a  shunt  in  one  of  the  load  mains.  The  latter  is  the  "compensating  winding"  and  it 
opposes  the  action  of  the  pressure  winding  so  that  as  the  load  increases,  a  higher  pressure  at 
the  dynamo  is  necessary  to  "over  compound"  for  line  drop.  In  ordinary  practice,  the 
voltage  terminals  are  connected  to  the  bus  bars,  and  the  compensating  shunt  inserted  in  one 
of  the  principal  feeders  of  the  system.  In  operation  the  shunt  circuit  across  the  dynamo 
field  rheostat  is  first  opened  by  means  of  a  switch  provided  for  that  purpose  on  the  base  of 
the  regulator  and  the  rheostat  turned  to  a  point  that  will  reduce  the  generator  voltage  35 
per  cent  below  normal.  The  main  control  magnet  is  at  once  weakened  and  allows  the 
spring  to  pull  out  the  movable  core  until  the  main  contacts  are  closed.  This  closes  the 
second  circuit  of  the  differential  relay,  thus  neutralizing  its  windings.  The  relay  spring 
then  lifts  the  armature  and  closes  the  relay  contacts.  The  switch  in  the  shunt  circuit 
across  the  dynamo  field  rheostat  is  now  closed,  practically  short  circuiting  the  rheostat,  and 
the  dynamo  voltage  at  once  rises.  As  soon  as  it  reaches  the  point  for  which  the  regulator 
has  been  adjusted,  the  main  control  magnet  is  strengthened,  which  causes  the  main  contacts 
to  open,  which  in  turn  open  the  relay  contacts  across  the  rheostat.  The  rheostat  is  now  in 
the  field  circuit,  the  voltage  at  once  falls  off,  the  main  contacts  are  closed,  and  relay  arma- 
ture released,  and  shunt  circuit  across  the  rheostat  again  completed.  The  voltage  then 
starts  to  rise  and  this  cycle  of  operation  is  continued  at  a  high  rate  of  vibration,  maintaining 
not  a  constant  but  a  steady  voltage  at  the  bus  bars.  When  neither  the  compensating 
winding  nor  pressure  wires  are  used,  there  will  be  no  "over  compounding"  effect  due  to 
increase  of  load  and  a  constant  voltage  will  be  maintained  at  the  bus  bars.  The  compensat- 
ing winding  on  the  control  magnet,  which  opposes  the  pressure  winding  is  connected  across 
an  adjustable  shunt  in  the  principal  feeder  circuit.  As  the  load  increases  the  voltage  drop 
across  the  shunt  increases  and  the  effect  of  the  compensating  winding  becomes  greater. 
This  will  require  a  higher  voltage  on  the  pressure  winding  to  open  the  main  contacts  and 
the  regulator  will  therefore  cause  the  dynamo  to  compensate  for  line  drop,  maintaining  at 
the  bus  bars  a  steady  voltage  without  fluctuations,  which  rises  and  falls  with  a  load  on  the 
feeders,  giving  a  constant  voltage  at  the  lamps  or  center  of  distribution.  The  compensat- 
ing shunt  may  be  adjusted  so  as  to  compensate  for  any  desired  line  drop  up  to  15  percent; 
it  is  preferably  placet!  in  the  principal  lighting  feeder,  but  may  be  connected  to  the  bus  bars 
so  that  the  total  current  will  pass  through  it.  The  latter  method,  however,  is  sometime* 
desirable,  as  large  fluctuating  power  loads  on  separate  feeders  might  disturb  the  regulation 
of  tho  lighting  feeders.  Adjustment  is  made  by  sliding  the  movable  contact  at  thecentex 
of  the  shunt.  This  contact  may  be  clamped  at  any  desired  point  and  determines  the  pres- 
sure  across  the  compensating  winding  of  the  regulator's  main  control  magnet.  Where 
pressure  wires  are  run  back  to  the  central  station  from  the  center  of  distribution  they  may  be 
connected  directly  to  the  pressure  winding  of  the  main  control  magnet,  and  it  is  unnecessary 
to  use  the  compensating  shunt.  The  pressure  wires  take  the  place  of  the  leads  fro©  the; 
control  magnet  to  the  bus  bars  and  maintain  a  constant  voltage  at  the  center  of 
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On  some  switchboards  are  also  mounted  small  transformers  for  raising 
or  lowering  the  voltages,  and  lightning  arresters  as  a  protection  from 
lightning.  In  addition  to  the  apparatus  previously  mentioned  nearly 
all  switchboards  carry  at  or  near  their  top  two  or  more  incandescent 
lamps  provided  with  shades  or  reflectors,  for  lighting  the  board. 


Ques.  What  should  be  done  before  wiring  a  switch- 
board? 

Ans.   The  electrical  connections  between  the  various  ap- 


BALANCLR  SET 


DYNAI 
FIELD 

0YNAN0 

rhiosutP 


RELAY  CONTACTS 

ha 


RELAY  MAGNET 


MAIN 

>  CONTACTS 


EXTERNAL 
RESISTANCE 


0ASKP0T 


2^38.— Diagram  showing  connections  of  General  Electric  automatic  voltage  regulator 
for  direct  current  as  connected  for  maintaining  balanced  voltage  on  both  sides  of  a  three 
system  using  a  balancer  set.  In  operation,  should  the  voltage  on  the  upper  bus  bars 
ne  greater  than  that  on  the  lower  ones,  the  middle  and  upper  contacts  on  the  regu- 
will  close,  thus  opening  the  relay  contacts  to  the  left  and  closing  those  to  the  right. 
This  inserts  all  the  resistance  in  the  field  of  balancer  A,  and  short  circuits  the  resistance 
in  the  field  of  balancer  B.  A  will  then  be  running  as  a  motor,  and  B  as  a  dynamo,  thereby 
equalizing  the  two  voltages  until  that  on  the  lower  bus  bars  becomes  gTeater  than  that 
of  the  upper  ones;  then  the  regulator  contacts  operate  in  the  opposite  direction  and 
balancer  A  is  run  as  a  dynamo,  and  balancer  B  as  a  rrotor.  This  cycie  of  operation  is 
repeated  at  the  rate  of  from  three  to  four  hundred  times  per  minute,  thus  maintaining  a 
balanced  voltage  on  the 


paratus  mounted  on  the  face  or  front  of  the  board,  are  made  on 
the  back  of  the  board.  It  is  necessary  that  these  connections 
be  properly  made  else  considerable  electrical  power  will  be 
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wasted  at  this  point.  The  wiring  on  the  back  of  the  board  should 
therefore  be  planned  out  on  paper  before  commencing  the  work. 

In  laying  out  the  plan  of  wiring  care  must  be  taken  to  allow  sufficient 
contact  surface  at  each  connection;  there  should  be  not  less  than  one 
square  inch  of  contact  surface  allowed  for  each  160  amperes  of  current 
transmitted. 
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Fig.  2.R39. — Diagram  of  connections  of  General  Electric  voltage  regulators  for  one  or 

alternators  using  one  exciter. 


For  the  bus  bars,  which  by  the  wav  are  always  of  copper,  one  square 
inch  per  1,000  amperes  is  the  usual  allowance;  this  is  equal  to  1,0ft) 
circular  mils  of  cross  sectional  area  per  ampere. 

Every  effort  should  be  made  to  give  the  bus  bars  the  greatest  amount 
of  radiation  consistent  with  other  conditions,  in  order  that  their  resist- 
ance's may  not  become  excessive  owing  to  the  heat  developed  by  the 
large  currents  they  are  forced  to  carry.  Suppose,  for  instance,  the 
number  of  amperes  to  be  generated  is  such  as  to  require  bus  bars  having 
each  a  cross  sectional  area  of  one  square  inch.    Ii  the  end  dimensions 


Google 


MANAGEMENT 


2,031 


of  these  bars  were  each  1  inch  by  1  inch,  there  would  be  less  radiating 
surface  than  if  their  dimensions  were  each  2  inches  by  inch. 

Operation  of  Alternators. — The  operation  of  an  alterna- 
)r  when  run  singly  differs  but  little  from  that  for  a  dynamo. 

As  to  the  preliminaries,  the  exciter  must  first  be  started.  This  is  done 
in  the  same  way  as  for  any  shunt  dynamo.  At  first  only  a  small  current 
should  be  sent  through  the  field  winding  of  the  alternator;  then,  if  the 
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Figs.  2.840  ami  2  841. — General  Electric 
equalizer  regulator  desiffned  to  equalize 
the  load  on  two  machines,  and  diagnun  of 
connections. 

exciter  operates  satisfactorily  and  the  field  magnetism  of  4he  operator 
show  up  well,  the  load  may  gradually  be  thrown  on  until  the  normal 
current  is  carried,  the  same  method  of  procedure  being  followed  as  in 
the  similar  case  of  a  dynamo. 

Dn  loading  an  alternator,  a  noticeable  drop  in  voltage  occurs 
•oss  its  terminals.    This  drop  in  voltage  is  caused  in  part 
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by  the  demagnetization  of  the  field  magnets  due  to  the  armature 
current,  and  so  depends  in  a  measure  upon  the  position  and  form 
of  the  pole  pieces  as  well  as  upon  those  of  the  teeth  in  the 
armature  core.  The  resistance  of  the  armature  winding  also 
causes  a  drop  in  voltage  under  an  increase  of  load. 

Another  cause  which  may  be  mentioned  is  the  inductance  of  the 
armature  winding,  which  is  in  turn  due  to  the  positions  of  the  armature 
coils  with  respect  to  each  other  and  also  with  respect  to  the  field  magnets. 

DC  BUS  B/^RS 


Fig.  2,842.— Connection  of  General  Electric  equalizing  regulator  for  equaliring  loads  on  an 
engine  driven  dynamo  and  rotary  converter  running  in  parallel.  Should  the  load  on  thf 
dynamo  become  greater  than  that  on  the  rotary  converter,  the  middle  and  upper  con- 
tacts on  the  regulator  close,  and  thus  by  means  of  the  relay  switch  and  control  rnotor. 
cause  the  feeder  regulator  to  boost  the  voltage  on  the  rotary  until  the  loads  again  be- 
come equal.  Should  the  load  on  the  rotary  converter  become  greater  than  that  onj-he 
generator,  the  regulator  contacts  operate  in  the  reverse  direction  and  the  feeder  ' 
lator  is  caused  to  buck  the  rotary  voltage. 


Alternators  in  Parallel.— When  the  load  on  a  station  in- 
creases beyond  that  which  can  conveniently  be  carried  by  one 
alternator,  it  becomes  necessary  to  connect  other  alternators  in 
parallel  with  it.  To  properly  switch  in  a  new  machine  in 
parallel  with  one  already  in  operation  and  carrying  load,  requires 
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a  complete  knowledge  of  the  situation  on  the  part  of  the  at- 
tendant, and  also  some  experience. 

The  connections  for  operating  alternators  in  parallel  are  shown  in  fig. 
2,843.  In  the  illustration  the  alternator  A  is  in  operation  and  is  supply- 
ing current  to  the  bus  bars.  The  alternator  B  is  at  rest.  The  main  pole 
switch  B'  by  means  of  which  this  machine  can  be  connected  into  circuit 
is  therefore  open.  
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Pig.  2343. — Method  of  synchronizing  with  one  lamp;  dark  lamp  method.  Assuming  A  to  be  in 
operation,  B,  may  be  brought  up  to  approximately  the  proper  speed,  and  voltage.  Then 
if  B,  be  run  a  little  slower  or  faster  than  A,  the  synchronizing  lamp  will  glow  for  one  mo- 
ment and  be  dark  the  next.  At  the  instant  when  the  pressures  are  equal  and  the  machines 
in  pha.se,  the  lamp  will  become  dark,  but  when  the  phases  are  in  quadrature,  the  lamp  will 
glow  at  its  maximum  brilliancy.  Since  the  flickering  of  the  lamp  is  dependent  upon  the 
difference  in  frequency,  the  machines  should  not  be  thrown  in  parallel  while  this  flickering 
exists.  The  nearer  alternator  approaches  synchronism,  in  adjusting  its  speed,  the  slower 
the  flickering,  and  when  the  flickering  becomes  very  slow,  the  incoming  machine  may  be 
thrown  in  the  moment  the  lamp  is  dark  by  closing  the  switch.  The  machines  are  then  in 
phase  and  tend  to  remain  so,  since  if  one  slow  down,  the  other  will  drive  it  as  a  motor. 

Now,  if  the  load  increase  to  such  extent  as  to  require  the  service  of 
the  second  alterantor  B,  it  must  be  switched  in  parallel  with  A.  In 
order  that  both  machines  may  operate  properly  in  parallel,  three  con- 
ditions must  be  satisfied  before  they  are  connected  together,  or  else  the 
one  alternator  will  be  short  circuited  through  the  other,  and  serious 
results  will  undoubtedly  follow. 
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Accordingly  before  closing  main  switch  B,  it  is  necessary  that 

1.  The  frequencies  of  both  machines  be  the  same; 

2.  The  machines  must  be  in  synchronism; 

3.  The  voltages  must  be  the  same. 

Ques.    How  are  the  frequencies  made  the  same? 

Ans.  By  speeding  up  the  alternator  to  be  cut  in,  or  change 
the  speed  of  both  until  frequency  of  both  machines  is  the  same. 
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Fig.  2.844. — Diagram  of  connections  of  General  Electric  automatic  voltage  rtfuktor  for 
several  alternators  running  in  parallel  with  exciters  in  parallel. 


Ques.  How  are  the  alternators  synchronized  or  brought 
in  phase? 

Ans.  The  synchronism  of  the  alternators  is  determined  by 
employing  some  form  of  synchronizer,  as  by  the  single  lamp 
method  of  fig.  2,843,  or  the  two  lamp  method  of  fig.  2,845. 
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Ques.  In  synchronizing  by  the  one  lamp  method,  when 
hould  the  incoming  machine  be  thrown  in  ? 

Ans.  It  is  advisable  to  close  the  switch  when  the  machines 
ire  approaching  synchronism  rather  than  when  they  are  receding 
rom  it,  that  is  to  say,  the  instant  the  lamp  becomes  dark. 
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<r'-  2.845. — Method  of  synchronizing  with  two  lamps;  dark  lamp  method.  The  two  synchronizing 
lamps  are  connected  as  shown,  and  each  must  be  designed  to  supply  its  rated  candle  power 
at  the  normal  voltage  developed  by  the  alternators.  Now  since  the  alternators  are  both 
running  under  normal  field  excitation  the  left  hand  terminals  of  each  of  them  will 
alternately  be  positive  and  negative  in  polarity,  while  the  right  hand  terminals  are  respec- 
tively negative  and  positive  in  polarity.  If,  however,  the  alternators  be  in  phase  with 
each  other,  the  left  hand  terminals  of  both  of  them  will  be  positive  while  the  right  hand 
terminals  are  negative,  and  when  the  left  hand  terminals  of  both  machines  are  negative  the 
right  hand  terminals  will  be  positive.  Hence,  when  the  machines  are  in  phase  there  will 
be  no  difference  of  pressure  between  the  left  hand  terminals  or  between  the  right  hand 
terminals  of  the  two  machines.  Hence,  if  the  synchronizing  lamps  be  connected  as  shown, 
both  will  be  dark.  The  instant  there  is  a  difference  of  phase,  both  lamps  will  glow  attaining 
full  candle  power  when  the  difference  of  phase  has  reached  a  maximum.  As  the  alterna- 
tors continue  to  come  closer  in  step,  the  red  glow  will  gradually  fade  away  until  the  lamps 

•  «'jme  dark.    Then  the  switch  may  !»■  .  '  <1.  th.-.-hy  throwing  the  two  ma<  1  •  -  >  in 

parallel.  If  the  intervals  between  the  successive  lighting  up  of  the  lamps  are  of  short  dura- 
tion it  is  advisable  to  wait  until  these  become  longer  even  though  the  other  conditions  are 
satisfied,  because  where  the  phases  pass  each  other  rapidly  there  is  a  greater  possibility  of 
not  bringing  them  together  at  the  proper  instant.  An  interval  of  not  less  than  five  seconds 
should  therefore  be  allowed  between  the  successive  lighting  up  of  the  lamps,  before  closing 
the  switch. 
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Ques.    What  are  the  objections  to  the  one  lamp 

method  ? 

Ans.    The  filament  of  the  lamp  may  break,  and  cause 


t 
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Pic.  2 £46. — Inductor  tyfl 
synchroscope.  This 
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N,  M  and  C.  and  a  men 
ing  system,  rrsniir  iswig  Sf 
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00  dot 
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4#  ^5 

plane.  The  coils  N  and  M  are  connected  in  "split phase"  relation  through  an  inductive 
ance  P  and  non-inductive  resistance  0.  and  these  two  circuits  are  parallel  across  the  busn 
terminals  3  and  4  of  the  synchroscope.  Coil  C  is  connected  through  a  non -tndocti ve  n 
sistance  across  the  upper  machine  terminals  1  and  2  of  the  synchroscope.  In  operand 
current  in  the  coil  C  magnetizes  the  iron  core  carried  by  the  shaft  and  the  two  piujiiMfl 
marked  A  and  "iron  armature.  "  There  is  however,  no  tendency  to  rotate  the  shaft.  [ 
current  be  passed  through  one  of  the  other  coils,  say  M,  a  magnetic  field  will  beprodaq 
parallel  with  its  axis.  This  will  act  on  the  projections  of  the  iron  armature,  causing  it  1 
turn  so  that  the  positive  and  negative  projections  assume  their  appropriate  poaraonl 
the  field  of  the  coil  M.  A  reversal  of  the  direction  in  both  coils  wul  obviously  not  alisj 
the  position  of  the  armature,  hence  alternating  current  of  the  same  frequency  and  PM| 
in  the  coils  C  and  M  cause  the  same  directional  effect  upon  the  armature  as  if  direct  cttWB 
were  passed  through  the  coils.  If  current  lagging  90  degrees  behind  that  in  the  coflsj 
and  C  be  passed  through  the  coil  N,  it  will  cause  no  rotative  effect  upon  the  simsTSS| 
because  the  maximum  value  of  the  field  which  it  produces  will  occur  at  the  instant  wa^ 
the  pole  strength  of  the  armature  is  zero.  The  two  currents  in  the  coils  M  and  N  pnadM 
a  shifting  magnetic  field  which  rotates  about  the  shaft  as  an  axis.  As  all  current*  Sj 
assumed  to  be  of  the  same  frequency,  the  rate  of  rotation  of  this  field  is  such  that  itSClm^ 
tion  i  orresponds  with  that  of  the  armature  projections  at  the  instant  when  the  po*f| 
duced  in  them  by  the  current  in  the  coil  C  are  at  maximum  value,  and  the  neidsnM 
through  lso  degrees  in  the  same  interval  as  is  required  for  reversal  of  the  poles. 
the  essential  feature  of  the  instrument,  namely,  that  the  armature  projeetiopstsIW 
position  in  the  rotating  magnetic  field  which  corresponds  to  the  direction  of  the  field  at  t 
instant  when  the  projections  are  magnetized  to  their  maximum  Strength  by  their  cnngl 
in  the  coil  C.  If  the  frequency  of  the  currents  in  the  coils  which  produce  the  shirring  1 
be  less  than  that  in  the  coil  which  magnetized  the  armature,  then  the  armature 
in  order  that  it  may  be  parallel  with  the  field  when  its  poles  are  at  maid 
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darkness,  or  the  lamp  may  be  dark  with  considerable  voltage 
as  it  takes  over  20  volts  to  cause  a  100  volt  lamp  to  glow. 

Ques.   What  capacity  of  single  lamp  must  be  used  ? 

Ans.    It  must  be  good  for  twice  the  voltage  of  either  machine. 


Flo.  2.847. — Brilliant  lamp  method  of  synchronizing.     The  synchronizing  lamps  are  connected 
,  and  must  be  of  the  alternator  voltage.    When  the  voltages  are  equal  and  the 


machines  in  phase,  the  difference  of  pressure  between  a  and  a  given  point  is  the  same  as  that 
between  a'  and  the  same  point;  this  obtains  for  b  and  V.  Accordingly,  a  lamp  connected 
across  a  V  will  burn  with  the  same  brilliancy  as  across  a'  b;  the  same  holds  for  the  other  lamp. 
When  the  voltages  are  the  same  and  the  phase  difference  is  180°  the  lamps  are  dark,  and 
as  the  phase  difference  is  decreased,  the  lamps  glow  with  increasing  brightness  until  at 
synchronism  they  glow  with  maximum  brilliancy.  Hence  the  incoming  alternator  should 
be  thrown  in  at  the  instant  of  maximum  brilliancy. 

Ques .  What  modification  of  the  synchronizing  methods 
rtiown  in  the  accompanying  illustrations  is  necessary 
*hen  high  pressure  alternators  are  used? 

Ans.  Step  down  transformers  must  be  used  between  the 
alternators  and  the  lamps  to  obtain  the  proper  working  voltages 
br  the  lamps.  , 
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Ques.  How  is  the  voltage  of  an  incoming  machine  ad- 
usted  so  that  it  will  be  the  same  as  the  one  already  in 
peration? 

Ans.    By  varying  the  field  excitation  with  a  rheostat  in  the 
Iternator  field  circuit. 

Ques.    How  may  two  or  more  alternators  be  started 
imultaneously? 

Ans.  After  bringing  each  of  them  up  to  its  proper  speed  so 
5  to  obtain  equal  frequencies,  the  main  switches  may  be  closed, 
ttereby  joining  their  armature  circuits  in  parallel.  As  yet, 
owever,  their  respective  field  windings  have  not  been  supplied 
ith  current,  so  that  no  harm  can  result  in  doing  this.  The 
nciters  of  these  machines  after  being  joined  in  parallel,  should 
ken  be  made  to  send  direct  current  simultaneously  through  the 
eld  windings  of  the  alternators,  and  from  this  stage  on  the 
ircctions  previously  given  may  be  followed  in  detail. 

Ques.   What  are  the  conditions  when  two  or  more  alter- 
ators  are  directly  connected  together? 

Ans.  If  rigidly  connected  together,  or  directly  connected  to 
ie  same  engine,  they  must  necessarily  run  in  the  same  manner 
t  all  times. 

When  machines  connected  in  this  way  are  once  properly  adjusted  so 
that  they  are  in  phase  with  each  other,  their  operation  in  parallel  is  even 
a  simpler  task  than  when  they  are  all  started  together  but  are  not 
directly  connected. 

Ques.  When  an  alternator  is  driven  by  a  gas  engine, 
'hat  provision  is  sometimes  made  to  insure  successful 
peration  in  parallel  ? 

Ans.    An  amortisseur  winding  is  provided  to  counteract  the 
mdency  to  "hunting." 
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2.840. — Diagram  of  Lincoln  Synchronizer.  In  construction,  a  stationary  coil  P.  has  su< 
pended  within  it  a  coil  A,  free  to  move  about  an  axis  in  the  planes  of  both  coils  and  includini 
a  diameter  of  each.  If  an  alternating  current  be  passed  through  both  coils.  A,  will  take  I 
position  with  its  plane  parallel  to  F.  If  now  the  currents  in  A  and  P  be  reversed  wit 
respect  to  each  other t  coif  A  will  take  up  a  position  180*  from  its  former  position.  Reverse 
of  the  relative  directions  of  currents  in  A  and  F  is  equivalent  to  changing  their  phase  reU 
tion  by  180°,  and  therefore  this  change  of  180°  in  phase  relation  is  followed  by  a  corre 
sponding  change  of  180°  in  their  mechanical  relation.  Suppose  now,  instead  of  reversm, 
the  relative  direction  of  currents  in  A  and  P,  the  change  in  phase  relation  between  them  b 
made  gradually  and  without  disturbing  the  current  strength  in  either  coil.  It  is  eviden 
that  when  the  phase  difference  between  A  and  P  reaches  90°,  the  force  between  A  and  1 
will  become  reduced  to  zero,  and  a  movable  system,  of  which  A  may  be  made  a  part,  is  ii 
condition  to  take  up  any  position  demanded  by  any  other  force.  Let  a  second  number  o 
this  movable  system  consist  of  coil  B,  which  may  be  fastened  rigidly  to  coil  A,  with  it 
plane  90°  from  that  of  coil  A.  and  the  axis  of  A  passing  through  diameter  of  B.  Furthea 
suppose  a  current  to  circulate  through  B,  whose  difference  in  phase  relation  to  that  in  A 
is  always  90°.  It  is  evident  under  these  conditions  that  when  the  difference  in  phas 
between  A  and  F  is  90°,  the  movable  system  will  take  up  a  position,  such  that  B  is  parall*: 
to  F.  because  the  force  between  A  and  P  is  zero,  and  the  force  between  B  and  F  is  a  majd 
mum:  similarly  when  the  difference  in  phase  between  B  and  F  is  90°,  A  will  be  parallel  V 
F.  That  is.  beginning  with  a  phase  difference  between  A  and  F  of  zero  a  phase  change  o 
90°  will  be  followed  by  a  mechanical  change  on  a  movable  system  of  90°,  and:  each  suceessjv 
change  of  90°  in  phase  will  be  followed  by  a  corresponding  mechanical  change  of  90*.  Fo» 
intermediate  phase  relation,  it  can  be  proved  that  under  certain  conditions  the  positioi 
of  equilibrium  assumed  by  the  movable  element  will  exactly  represent  the  phase  relations 
That  is,  with  proper  design,  the  mechanical  angle  between  the  plane  of  r  and  that  oi  A 
and  also  between  the  plane  of  F  and  that  of  B,  is  always  equal  to  the  phase  angle  betwt«ci 
the  current  flowing  in  P  and  those  in  A  and  B  respectively.  As  commercially  constructed 
coil  F  consists  of  a  small  laminated  iron  field  magnet  with  a  winding  whose  terminals  an 
connected  with  binding  posts.  The  coils  A  and  B  are  windings  practically  90*  apart  on  i 
laminated  iron  armature  pivoted  between  tho  poles  of  the  magnet.  These  two  windings  an 
joined,  and  a  tapfrom  the  junction  is  brought  out  through  a  slip  nng  to  one  of  two  othc 
binding  posts.  The  two  remaining  ends  are  brought  out  through  two  more  slip  rings,  or.i 
of  which  is  connected  to  the  remaining  binding  post,  through  a  non-inductive  resistance,  ami 
the  other  to  the  same  binding  post  through  an  inductive  resistance.  A  light  alurniuuir 
hand  attached  to  the  armature  shaft  marks  the  position  assumed  by  the  armature. 
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Ques.   What  is  the  action  of  the  amortisseur  winding  ? 

Ans.  Any  sudden  change  in  the  speed  of  the  field,  generates 
a  current  in  the  amortisseur  winding  which  resists  the  change  of 
velocity  that  caused  the  current. 

The  appearance  of  an  amortisseur  winding  is  shown  in  the  cut  below 
(fig.  2,850)  illustrating  the  field  of  a  synchronous  condenser  equipped 
with  amortisseur  winding. 


Pig.  2.850. — General  Electric  field  of  synchronous  condenser  provided  with  amortisseur  wind- 
ing. Hunting  is  accompanied  by  a  shifting  of  flux  across  the  face  of  the  pole  pieces  due 
to  the  variation  in  the  effect  of  armature  reaction  on  the  main  field  flux  as  the  current 
varies  and  the  angular  displacement  between  the  field  and  armature  poles  is  changed. 
Copper  short  circuited  collars  placed  around  the  pole  face  have  currents  induced  in  them 
by  this  shifting  flux,  which  have  such  a  direction  as  to  exert  a  tongue  tending  to  oppose 
any  change  in  the  relative  position  of  the  field  and  armature.  This  action  is  similar  to 
that  of  the  running  torque  of  an  induction  motor  and  the  damping  device  has  been  still 
further  developed  until  in  its  best  form  it  resembles  the  armature  winding  of  a  "squirrel 
cage"  induction  motor.  The  pole  pieces  are  in  ducts,  and  low  resistance  copper  bars  placed 
in  them  with  their  ends  joined  by  means  of  a  continuous  short  circuiting  ring  extending 
around  the  field.  Such  a  device  has  proven  very  effective  in  damping  out  oscillations 
started  from  any  cause,  the  same  winding  doing  duty  as  a  damping  device  and  to  assist 
the  starting  characteristics. 

Ques.    How  are  three  phase  alternators  synchronized? 

Ans.    In  a  manner  similar  to  the  single  phase  method. 

Thus  the  synchronizing  lamps  may  be  arranged  as  in  fig.  2,581,  which 
is  simply  an  extension  of  the  single  phase  method. 

Ques.    Are  three  lamps  necessary? 

Ans.    Only  to  insure  that  the  connections  arc  properly  made, 
after  which  one  lamp  is  all  that  is  required. 
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Ques.  How  is  it  known  that  the  connections  of  fig. 
2,851  are  correct? 

Ans.  If,  in  operation,  the  three  lamps  become  bright  or  dark 
simultaneously,  the  connections  are  correct;  if,  this  action  take 
place  successively,  the  connections  are  wrong. 

If  wrong,  transpose  the  leads  of  one  machine  until  simultaneous 
action  of  the  lamps  is  secured. 


Fig.  2.851.— Method  of  synchronizing  three  phase  alternators  with,  three  lamp*,  being  an 
extension  of  the  single  phase  method. 


Ques.  What  is  the  disadvantage  of  the  lamp  method 
of  synchronizing? 

Ans.    Lack  of  sensitiveness. 

Ques.  Which  is  the  accepted  lamp  method,  dark  or 
brilliant? 

Axis.   In  the  United  States  it  is  usual  to  make  the  connections 
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for  a  dark  lamp  at  synchronism,  while  in  England  the  opix>site 
practice  obtains. 

With  the  dark  lamp  method,  the  breaking  of  a  filament  might  cause 
the  machines  to  be  connected  with  a  great  phase  difference,  whereas, 
with  the  brilliant  lamp  it  is  difficult  to  determine  the  point  of  maximum 
brilliancy.  This  latter  method,  therefore  may  be  called  the  safer. 

Ques.   What  may  be  used  in  place  of  lamps  for  syn- 
chronizing? 

Ans.    Some  form  of  synchroscopes,  or  synchronizers. 
Ques.    How  does  the  Lincoln  synchronizer  work? 

Ans.  The  construction  is  such  that  a  hand  moves  around  a 
dial  so  that  the  angle  between  the  hand  and  the  vertical  is  always 
the  phase  angle  between  the  two  sources  of  electric  pressure  to 
which  the  synchronizer  is  connected. 

If  the  incoming  alternator  be  running  too  slow,  the  hand  deflects  in 
one  direction,  if  too  fast,  in  the  other  direction.  When  the  hand  shows 
no  deflection,  that  is,  when  it  stands  vertical,  the  machines  are  in  phase. 
A  complete  revolution  of  the  hand  indicates  a  gain  or  loss  of  one  cycle 
in  the  frequency  of  the  incoming  machine,  as  referred  to  the  bus  bars. 

Cutting  Out  Alternator.— When  it  is  desired  to  cut  out  of 
circuit  an  alternator  running  in  parallel  with  others,  the  method 
of  procedure  is  as  follows : 

1.  Reduce  driving  power  until  the  load  has  been  transferred 

to  the  other  alternators,  adjusting  field  rheostat  to  obtain 
minimum  current; 

2.  Open  main  switch ; 

3.  Open  field  switch. 

Ques.   What  precaution  should  be  taken? 

Ans.    Never  open  field  switch  before  main  switch. 
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Ques.  What  is  the  ordinary  method  of  cutting  out  an 
alternator? 

Ans.  The  main  switch  is  usually  opened  without  any  pre- 
liminaries. 

Ques.   What  is  the  objection  to  this  procedure? 

Ans.  It  suddenly  throws  all  the  load  on  the  other  alternators, 
and  causes  4 'hunting/' 

Ques.  What  forms  of  drive  are  especially  desirable  for 
running  alternators  in  parallel,  and  why? 

Ans.  Water  turbine  or  steam  turbine  because  of  the  uniform 
torque,  thus  giving  uniform  motion  of  rotation. 

With  reciprocating  engines,  the  crank  effect  is  very  variable  during 
the  revolution,  resulting  in  pulsations  driving  the  alternator  too  fast  or 
too  slow,  and  causing  cross  current  between  the  alternators. 

Ques.  Is  a  sluggish,  or  a  too  sensitive  governor  pref- 
erable on  an  engine  driving  alternators  in  parallel? 

Ans.    A  sluggish  governor. 


Alternators  in  Series. — Alternators  are  seldom  if  ever  con- 
nected in  series,  for  the  reason  that  the  synchronizing  tendency 
peculiar  to  these  machines  causes  them  to  oppose  each  other  and 
fall  out  of  phase  when  they  are  joined  together  in  this  way.  If, 
however,  they  be  directly  connected  to  each  other,  or  to  an 
engine,  so  that  they  necessarily  keep  in  phase  at  all  times,  and 

NOTE. — According  to  the  practice  of  the  General  Electric  Co.,  2J.£  degrees  of  phase 
difference  from  a  mean  is  the  limit  allowable  in  ordinary  cases.  It  will,  in  certain  cases,  be 
possible  to  operate  satisfactorily  in  parallel,  or  to  run  synchronous  apparatus  from  machines 
*  hone  angular  variation  exceeds  this  amount,  and  in  other  cases  it  will  be  easy  and  desirable 
to  obtain  a  better  speed  control.  The  2  H  degree  limit  is  intended  to  imply  that  the  maximum 
departure  from  the  mean  position  during  any  revolution  shall  not  exceed  2t£  -5-360  of  an  angle 
corresponding  to  two  poles  of  a  machine.  The  angle  of  circumference  which  corresponds  to 
the  2]  2  degree  of  phase  variation  can  bo  ascertained  by  dividing  2J^  by  ^  the  number  of 
pole;  thus,  in  a  20  pole  machine,  the  allowable  angular  variation  from  the  mean  would  be 
of  one  degree, 
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thus  add  their  respective  voltages  instead  of  counteracting  them, 
series  operation  is  possible. 

CLOSE  MAIM  SWITCH  WHILE  SYNCHRONIZING  LAMPS  ARE  OUT 

  STNCRONIZIMG  LAMPS  K  5wlTCH  LAflp$ 

-cv*- — -*o- 


SEPARATILY  EXCITED  FIELD  'SEPARATELY  EXCITED  FIELD 

Pig.  2,853. — Diagram  «>f  connections  for  synchronizing  two  compound  wound  three  phav? 
alternators.    A  and  A'  are  the  armatures  of  the  two  machines,  the  fields  of  which  arr 
partly  separately  excited,  the  amount  of  excitation  current  being  controlled  by  the  series 
compounding  rheostats  B  and  W,  which  form  a  stationary  shunt.    It  is  assumed  that  the 
alternator  A  is  connected  to  the  bus  bars  1,  2,  and  3.  by  the  switch  IS.    If  an  increase 
make  it  n<  •  e  -  u  y  to  introduce  the  altrrnator  A',  it  is  first  run  up  to  speed  and  excited  to 
standard  pros:  ure  by  its  exciter,  and  then  the  double  plug  switch  3S  is  closed,  connecting 
the  primary  of  the  station  transformer  T  and  T'  with  the  bus  bars  through  the  secondary 
coil,  so  that  the  synchronizing  lamps  light  up  whan  the  secondary  circuit  is  closed  through 
tin-  sin^l«-  pi     switch  IS.    The  primary  of  the  station  transformer  T  is  thus  excited  through 
the  double  p-  •!»•  switch  ">S.  connecting  it  with  the  outer  terminals  of  the  armature  A'.  The 
two  alternators  will  now  work  in  «>j»p  >sition  to  each  other  upon  the  synchronizing  lamps, 
the  transformer  T  being  operated  by  the  new  alternator  A'  through  the  switch  2S.  and  the 
transformer  T'  being  operated  by  the  working  alternator  A,  from  the  bus  bars.    If  the 
new  alternator  be  n«  »t  in  step  with  the  working  alternator,  the  synchronising  lamps  will  glow, 
growing  brighter  and  dimmer  alternately  with  greater  or  lesser  rapidity.    In  this  cast,  the 
armatur«'  speed  of  the  new  alternator  must  be  controlled  in  such  a  manner  that  the  brighten- 
ing an<l  dimming  will  occur  more  and  more  slowly,  until  the  lamps  cease  to  glow  or  remain 
extinguished  foradei  i<l«-<l  mti  rvalof time.     The  extinction  of  the  light  is  due  to  thedisap- 
pearani  e  1 A  the  secondary  <u.  rent,  and  indicates  that  the  alternators  are  in  step.  The  switch 
2S  should  now  be  thrown,  thus  coupling  the  two  machines  electrically,  and  both  of  them 
will  continue  t  »  operate  in  step.    The  di  tuble  i>  'le  equalizer  switch  6S  should  now  be  closed, 
conna  Lii  g  the  two  field  windings  in  parallel  and  equalizing  the  compounding,  so  that  any 
variations  of  loa-l  will  affect  the  two  alternators  equally.    After  the  alternators  have  been 
connected  in  parallel,  the  switche    :S  and  OS,  may  l>e  opened  leaving  the  switch  3S  closed, 
1 0  opera  w  Use  -wildiboard  lampg  K,  K,  as  pilot  lights  from  the  bus  bass. 
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Transformers, — These,  as  a  whole,  are  simple  in  construc- 
tion, high  in  efficiency,  and  comparatively  inexpensive.  Their 
principles  of  operation  are  also  readily  understood. 

The  efficiency  of  a  transformer,  that  is,  the  ratio  between 
full  load  primary  and  full  load  secondary  is  greatest  when  the 
load  on  it  is  such  that  the  sum  of  the  constant  losses  equals  the 
sum  of  the  variable  losses. 

In  general,  transformers  designed  for  high  frequencies  and  large 
capacities  are  more  efficient  than  those  designed  for  low  frequencies  and 
small  capacities.  As  a  whole,  however,  a  transformer  leaves  but  little 
to  be  desired  as  regards  efficiency,  a  modern  60  cycle  transformer  of 
50  kilowatts  capacity  or  more  possesses  an  efficiency  of  approximately 
98  per  cent,  at  full  load  and  an  efficiency  of  about  97  per  cent,  at  half 

Ques.    How  should  a  transformer  be  selected,  with  re- 
spect to  efficiency? 

Ans.  One  should  be  chosen,  whose  parts  are  so  proportioned 
that  the  point  of  maximum  efficiency  occurs  at  that  load  which 
the  transformer  usually  carries  in  service. 

In  many  alternating  current  installations,  comparatively  light  loads 
are  carried  the  greater  part  of  the  time,  the  rated  full  load  or  an  over- 
load being  occurrences  of  short  durations.  For  such  purposes  special 
attention  should  be  given  to  the  designing  or  selecting  of  transformers 
having  low  core  losses  rather  than  low  resistance  losses,  because  the 
latter  are  then  of  relatively  small  importance. 

Ques.   What  kind  of  efficiency  is  the  station  manager 
interested  in? 

Ans.    The  "all  day  efficiency." 

This  expression,  as  commonly  met  with  in  practice,  denotes  the  per- 
centage that  the  amount  of  energy  actually  used  by  the  consumer  is  of  the 
total  energy  supplied  to  his  transformer  during  24  hours.  The  formula 
for  calculating  the  all  day  efficiency  of  a  transformer  is  based  upon  the 
supposition  that  the  amount  of  energy  used  by  the  consumer  d'— : — 
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24  hours  is  equivalent  to  full  load  on  his  transformer  during  five  hours 
and  is  as  follows: 


24c  4-  5r  -f-  5w 

where 

E  =  the  all  day  efficiency  of  the  transformer, 
w  =  the  full  load  in  watts  on  the  primary, 
c  =  the  core  loss  in  watts, 
r  =  the  resistance  loss  in  watts. 


100 


PER  CENT  LOAD 


Fig.  2.854. — Performance  curves  of  Westing  house  air  blast  550  kw,  10.500  volt  transformer. 
3.000  alternations. 


Ques.   What  are  the  usual  all  day  efficiencies? 

Ans.  The  average  is  about  85  per  cent,  for  those  of  1  kilowatt 
capacity,  92  per  cent,  for  those  of  5  kilowatts  capacity,  94  per 
cent,  for  those  of  10  kilowatts  capacity,  and  about  94.5  per  cent, 
for  those  of  15  kilowatts  capacity. 

Ques.  What  becomes  of  the  energy  lost  by  a  trans- 
former? 

Ans.    It  reappears  as  heat  in  the  windings  and  core. 
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This  heat  not  only  increases  the  resistances  of  the  windings  and  core, 
producing  thereby  a  further  increase  of  their  !  respective  losses,  but  in 
addition  causes  in  time  a  peculiar  effect  on  the  iron  core  which  is  in- 
tensified by  the  reversals  of  magnetism  constantly  going  on  within  it. 


After  about  two  years'  service,  the  iron  apparently  becomes  fatigued 
or  tired,  and  this  phenomenon  is  called  aging  of  the  iron.  Since  the  life 
of  the  transformer  depends  to  a  great  extent  upon  this  factor,  the  con- 
ditions responsible  for  its  existence  should  as  far  as  possible  be  removed. 
Means  must  therefore  be  provided  in  the  construction  to  radiate  the 
heat  as  quickly  as  it  is  generated. 


Ques.  What  kind  of  oil  is  used  in  oil 
formers? 

Ans.    Mineral  oil. 


>led  trans - 


i 


AIR  CHAMBER 


ftc.  2.855. — General  arrangement  of  air  blast  transformers  and  blowers. 

Ques.   How  is  it  obtained? 

Ans.  By  fractional  distillations  of  petroleum  unmixed  with 
any  other  substances  and  without  subsequent  chemical  treatment. 

Ques.  What  is  the  important  requirement  for  trans- 
former oil? 

Ans.    It  should  be  free  from  moisture,  acid,  alkali  or  sulphur 

compounds. 

Ques.  How  may  the  presence  of  moisture  be  deter- 
mined? 

Ans.  By  thrusting  a  red  hot  iron  rod  in  the  oil ;  if  it ' 'crackle, ' ' 
Moisture  is  present. 
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Ques.    Describe  the  Westinghouse  method  of  drying  oil. 

Ans.  It  is  circulated  through  a  tank  containing  lime,  and 
afterwards,  through  a  dry  sand  filter. 

Ques.    What  is  the  objection  to  heating  the  oil  (raising 
its  temperature  slightly  above  boiling  point  of  water 
to  remove  the  moisture? 


Ans.    The  time  consumed  (several  days)  is  excessive. 


Fir..  2.N.K). —  Small  Curtis  turbine  generator  set  as  made  by  the  General  Electric  Co.,  in  sires 
from  5  kw.,  to  300  kw.  It  can  oe  arranged  to  operate  either  condensing  or  non -condensing, 
and  at  any  steam  pressure  above  80  lbs.  for  the  smaller  sizes  and  100  lbs.  for  the  larger. 
There  are  only  two  main  l^earings.  A  thrust  bearing,  consisting  of  roller  bearings  and 
running  between  hardened  steel  face  washers  located  at  either  end  of  the  main  bearings  is 
provided  solely  for  centering  the  rotor  so  as  to  equalize  the  clearance.  A  centrifugal 
governor  is  provided  (in  the  smaller  sizes)  completely  housed,  and  mounted  directly  on 
the  main  shaft  end.  It  controls  a  balanced  poppet  valve  through  a  bell  crank.  In  the  larger 
sizes  (75  kw.  and  alxjve)  the  governor  is  mounted  on  a  vertical  secondary  shaft  geared  to 
the  main  shaft  and  controls  a  cam  shaft  which  opens  or  closes  a  series  of  valves  in  rotation, 
admitting  the  steam  to  different  sections  of  the  first  stage  nozzles.  In  this  way  throttling 
of  the  steam  is  avoided.  There  is  also  an  emergency  governor  which  closes  the  throttle 
valve  in  the  event  of  the  speed  reaching  a  predetermined  limit.  The  speeds  of  operation 
range  from  5.000  R.P.M.  for  the  smallest  size  to  1.500  R.P.M.  for  the  largest.  The  lubri- 
cation system  is  enclosed  and  is  automatic.  Air  leakage  where  the  shaft  passes  through  the 
wheel  casing  is  prevented  by  steam  seal. 

Ques.    What  effect  has  moisture? 

Ans.  It  reduces  the  insulation  value  of  the  oil.  .0(3  per  cent, 
of  moisture  has  been  found  to  reduce  the  dielectric  strength  of 
oil  about  50  per  cent,  "dry"  oil  will  withstand  a  pressure  of 
25,000  volts  between  two  9}^  inch  knobs  separated  .15  inch. 
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Ques.   What  is  understood  by  transformer  regulation  ? 

Ans.  It  is  the  difference  between  the  secondary  voltage  at 
no  load  and  at  full  load,  and  is  generally  expressed  as  a  per- 
centage of  the  secondary  voltage  at  no  load. 

Ques.   What  governs  its  value? 

Ans.    The  resistance  and  reactance  of  the  windings. 


POWER  RECEIVED 


Fig.  2,857. — Cut  off  coupling  for  power  transmission  by  line  shafting.    It  is  used  to  cut  off  a 
dnvmg_shaft  from  a  driven  shaft.   Its  use  obviates  the  use  of  a  quill,  such  as  is  shown  in 

Ques.    How  may  the  regulation  be  improved? 

Ans.  By  decreasing  the  resistances  of  the  windings  by  em- 
ploying conductors  of  greater  cross  section,  or  decreasing  their 
reactance  by  dividing  the  coils  into  sections  and  closely  inter- 
ig  those  of  the  primary  between  those  of  the  secondary. 


NOTE. — The  term  "regulation"  as  here  used  is  synonymous  with  "drop."  The  voltage 
kop  in  a  transformer  denotes  the  drop  of  vo'.tage  occurring  across  the  secondary  terminals  of  a 
:ra.nsformer  with  load.  This  drop  is  due  to  two  causes:  1,  the  resistance  of  the  windings;  and 
I  the  reactance  or  magnetic  leakage  of  the  windings.  On  non-inductive  load,  the  reactive  drop. 


in  quadrature,  produces  but  a  slight  effect,  but  on  inductive  loads  it  causes  the  voltage 
to  drop,  and  on  leading  current  loads  it  causes  the  voltage  to  rise.  As  the  voltage  drop  of  a  good 
nnsformer  is  very  small  even  on  inductive  load,  direct  accurate  measurement  is  difficult. 
It  it  best  to  measure  the  copper  loss  with  short  circuited  secondary  by  means  of  a  wattmeter, 
md  at  the  same  time  the  voltage  required  to  drive  full  load  current  through.  From  the  watts, 
lie  resistance  drop  can  be  found,  and  from  this  and  the  impedence  voltage,  the  reactive  drop 
«uy  be  calculated.  From  these  data  a  simple  vector  diagram  will  give,  near  enough  foi  all 
i,  the  drop  for  any  power  factor,  or  the  following  formula  may  be  used  which 

from  the  vector  diagram.    D  -  V(W  +  X)1  +  (R  +  P)*  -  100  where  R  -  % 
tttstanre  drop;  X  —  %  reactive  drop;  P  —  %  power  factor  of  load;  W «-  %  wattless  factor  of 

oad  (  Vl  —  P*) ;  D  —  %  resultant  secondary  drop.  For  non-inductive  loads  where  P  —  100  and 

If  -  0.  D  -  VX*  -f  (100  +R)«-  100.   In  the  case  of  leading  currents  it  should  be  conai'' 
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In  transformers  where  there  is  a  great  difference  in  voltage  between 
the  primary  and  secondary  windings,  however,  this  remedy  has  its 
limitations  on  account  of  the  great  amount  of  insulation  which  must 
necessarily  be  used  between  the  windings,  and  which  therefore  causes 
the  distances  between  them  to  become  such  as  to  cause  considerable 
leakage  of  the  lines  of  force. 


Ques.  How  does  the  regulation  vary  for  different 
transformers,  and  what  should  be  the  limit? 

Ans.    Those  of  large  capacity  usually  have  a  better  regulation 


Pic.  2,858. — Quill  drive.  This  is  the  proper  transmission  arrangement  substitute  for  hea\~5 
service,  requiring  large  pulleys,  sheaves,  gears,  rotors,  etc.  It  is  a  hollow  shaft  supporter 
by  independent  bearings.  The  main  driving  shaft  running  through  the  quill  is  thus  re- 
lieved of  all  transverse  stresses.  The  power  is  transmitted  to  the  quill  by  means  of  a 
friction  or  jaw  clutch.  When  the  clutch  is  thrown  out  the  pulley  or  sheave  stands  idle  anri 
the  driving  shaft  revolves  freely  within  the  quill.  As  there  is  no  contact  between  mounj 
parts  there  is  no  wear.  Jaw  clutches  should  be  used  for  drives  demanding  positive  angulai 
displacement.  They  can  only  be  thrown  in  and  out  of  engagement  when  at  rest.  All  ver\ 
large  clutch  pulleys,  sheaves,  or  gears  designed  to  run  loose  on  the  line  shaft  are  preferably 
mounted  on  quills.  The  letters  A,  B,  C,  etc.,  indicate  the  dimensions  to  be  specified  it 
ordering  a  quill. 


than  those  of  small  capacity,  but  in  no  case  should  its  value  ex- 
ceed 2  per  cent. 

Ques.  What  advantages  have  shell  type  transformers 
over  those  of  the  core  type? 

Ans.  They  have  a  larger  proportion  of  core  surface  exposed 
for  radiation  of  heal,  and  a  shorter  magnetic  circuit  which  re- 
duces the  tendency  for  a  leakage  of  the  lines  of  force  into  the  air. 
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Both  types  have  advantages  and  disadvantages  as  compared  with 
the  other.  In  the  shell  type,  there  is  less  magnetic  leakage,  but  also  less 
surface  exposed  for  radiation,  and  greater  difficulty  in  providing  efficient 
insulation  between  the  two  circuits;  in  the  core  type  there  is  more  sur- 
face exposed  for  radiation  and  less  difficulty  in  insulating  the  windings, 
but  there  is  also  a  great  leakage  of  the  lines  of  magnetic  force  into  the 
outer  air. 

Ques.   How  are  the  windings  usually  arranged  ? 

Ans.  As  a  rule,  there  is  only  one  primary  winding  but  the 
secondary  winding  is  generally  divided  into  two  equal  sections, 
the  four  terminals  of  which  are  permanently  wired  to  four  con- 
nection blocks  which  may  be  connected  so  as  to  throw  the 
secondary  sections  either  in  parallel  or  in  series  with  each  other 
at  will. 

Ques.  What  is  necessary  for  satisfactory  operation  of 
transformers  in  parallel? 

Ans.  They  must  be  designed  for  the  same  pressures  and 
capacities,  their  percentages  of  regulation  should  be  the  same 
and  they  must  have  the  same  polarity  at  a  given  instant. 


One  may  satisfy  himself  as  to  the  first  of  these  conditions  by  ex- 
amining the  name  plates  fastened  to  the  transformers,  whereon  are 
stamped  the  values  of  the  respective  pressures  and  capacities  of  each. 

Although  equal  values  of  regulation  is  given  as  one  of  the  conditions  to 
be  satisfied,  transformers  may  be  operated  in  parallel  when  their  per- 
centages of  regulation  are  not  the  same.  Ideal  operation,  however, 
can  be  attained  only  under  the  former  state  of  affairs.  Suppose,  for 
instance,  a  transformer  having  a  regulation  of  two  per  cent,  be  operated 
in  parallel  with  another  of  similar  size  and  design  but  having  a  regu- 
lation of  one  per  cent.  The  secondary  pressures  of  these  transformers 
at  no  load  will  of  course  be  the  same,  but  at  full  load  if  the  secondary 
pressure  of  the  one  be  98  volts,  that  of  the  other  will  be  99  volts. 
There  will,  therefore,  be  a  difference  of  pressure  of  one  volt  between 
them  which  will  tend  to  force  a  current  backward  through  the  secondary' 
winding  of  the  transformer  delivering  98  volts.  This  reversed  current, 
although  comparatively  small  in  value,  lowers  the  efficiency  of  the 
installation  by  causing  a  displacement  of  phase  and  a  decrease  in  the 
combined  power  factor  of  the  transformers. 
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Ques.    Describe  the  polarity  test. 

Ans.  The  test  for  polarity  consists  in  joining  together  by 
means  of  a  fuse  wire,  a  terminal  of  the  secondary  winding  of 
each  transformer,  and  then  with  the  primary  windings  supplied 
with  normal  voltage,  connecting  temporarily  the  remaininj: 
terminals  of  the  secondary  windings.  The  melting  of  the  fuse 
wire  thus  connected  indicates  that  the  secondary  terminals 
joined  together  are  of  opposite  polarities,  and  that  the  connections 


Fig.  2.850- — SinRlc  overhung  tangential  water  wheel  equipped  with  Doble  ellipsoidal  back- 
ets,   The  central  position  of  the  front  entering  wedge  or  lip  of  the  bucket  is  cut  away  m 
the  form  of  a  semi-circular  notch,  which  allows  a  solid  circular  water  jet  to  discharge  up  <■ 
the  central  dividing  wedge  of  the  bucket  without  being  split  in  a  horizontal  plane. 


must  therefore  be  reversed,  whereas  if  the  fuse  wire  do  not  melt, 
it  shows  that  the  proper  terminals  have  been  joined  and  that 
the  connections  may  be  made  permanent. 

The  object  of  this  test  is,  obviously,  not  to  determine  the  exact 
polarity  of  each  secondary  terminal,  but  merely  to  indicate  which  of 

them  are  of  the  same  polarity. 
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Motor  Generators. — In  motor  generator  sets,  cither  Hi< 
Aunt  or  series  wound  type  of  motor  may  be  employed  at  thn 
power  producing  end  of  the  set,  but  the  field  <>f  the  generator 
is  either  shunt  or  compound  wound,  depending  upon  whether 
flr  not  it  is  desired  to  maintain  or  to  raise  the  secondary  volition 
full  load.   In  either  case  a  rheostat  introduced  In  tin*  fthunt 
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this  means  ample  space  surrounds  all  of  the  working  parts,  and 
repairs  can  readily  be  made. 

Motor  generators  are  frequently  used  as  boosters  to  raise  or 
boost  the  voltage  near  the  extremities  of  long  distance,  direct 
current  transmission  lines.  Of  these,  electric  railway  systems  in 
which  it  is  desired  to  extend  certain  of  the  longer  lines,  form  a 
typical  example. 


Fig.  2.861. — Automatically  governed  Pelton-Doble  tangential  water  wheel  driving  excitrr 
dynamo.  The  water  whe^l  is  mounted  on  one  end  of  the  shaft,  while  the  opposite  crvJ 
is  extended  to  carry  a  flv  wheel  of  suitable  design  to  compensate  for  the  low  fly  wheel  crTer  t 
of  the  direct  current  armature.  Two  bearings  support  the  shaft  which  carries  the  rotat- 
ing elements  of  the  unit.  A  needle  nozzle  actuated  by  a  direct  motion  Pelton-Doblr 
governor  (designed  for  operation  by  cither  oil  or  water  pressure)  maintains  constant 
speed. 

Owing  to  the  great  cost  of  changing  such  a  system  over  to 
one  employing  alternating  current,  or  storage  batteries,  or  of 
constructing  an  additional  power  station,  these  solutions  of  the 
problem  are  usually  at  variance  with  good  judgment  and  the 
amount  of  money  at  hand.  The  choice  then  remains  between 
the  purchase  of  additional  wire  for  feeders,  the  connection  of  a 
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booster  in  the  old  feeders,  or  the  installation  of  both  larger 
feeders  and  a  booster.  Of  these,  it  is  generally  found  that  either 
the  second  or  the  third  mentioned  alternative  meets  the  con- 
ditions most  satisfactorily. 

A  booster  installed  in  a  railway  system  for  the  purpose  just  men- 
tioned, would  have  a  series  wound  motor,  and  the  conditions  to  which 
it  must  conform  would  be  as  follows:  The  motor  having  a  series  winding 
must  provide  for  the  full  feeder  current  passing  through  both  armature 
and  field  windings. 

Owing  to  the  varying  loads  on  a  railway  system,  due  to  the  frequent 
starting  and  stopping  of  cars,  the  feeder  current  varies  between  zero 
and  some  such  value  as  150  amperes.  This  fluctuation  of  current  through 
the  field  winding  will,  in  ordinary  cases,  vary  the  magnetization  of  the 
pole  pieces  from  zero  almost  to  the  point  of  saturation ;  that  is,  the  maxi- 
mum feeder  current  will  so  nearly  fill  the  magnet  cores  with  lines  of 
force  that  it  would  be  quite  difficult  to  cause  more  lines  of  magnetic 
force  to  pass  through  them. 

So  long  as  the  point  of  saturation  is  not  reached,  however,  the  pro- 
portion of  current  to  field  strength  remains  constant,  and  therefore  the 
ratio  of  amperes  to  volts  will  not  vary. 

The  severe  fluctuations  of  the  feeder  current  would,  if  the  motor  were 
shunt  or  compound  wound,  cause  most  serious  sparking  and  various 
other  troubles,  but  in  a  series  motor  where  the  back  amr/ere  turns  on  the 
armature  that  react  on  the  field  vary  in  precisely  the  same  proportion 
as  the  ampere  turns  in  the  field,  there  exists  at  all  times  a  tendency  to 
balance  the  active  forces  and  produce  satisfactory  operation.  If,  how- 
ever, the  field  magnet  cores  be  very  large,  they  cannot  so  quickly  respond, 
magnetically,  to  changes  in  the  strength  of  the  current,  and  there  is 
then  greater  liability  of  the  armature  reaction  momentarily  weakening 
the  field  and  thereby  producing  temporary  sparking. 

Ques.   Are  motor  generators  always   composed  of 
direct  current  sets? 

Ans.  No. 

Ques.    Describe  conditions  requiring  a  different  com- 
bination. 

Ans.  For  purposes  where  for  instance  direct  currents  of  widely 
different  voltages  are  to  be  obtained  from  an  alternating  current 
circuit,  and  it  is  desired  to  install  but  one  set,  a  motor  generator 
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consisting  of  an  alternating  current  motor  such  as  an  induction 
motor,  and  a  dynamo  must  necessarily  be  employed. 

In  such  sets,  it  is  common  to  find  both  motor  and  dynamo  armatures 
mounted  on  a  common  shaft,  and  the  respective  field  frames  resting  on 
a  single  base,  although  for  connection  on  a  very  high  pressi  re  alter- 
nating current  circuit,  separate  armature  shafts  insulated  fr^m  each 
other  but  directly  connected  together,  and  separate  bases  resting  on  a 
single  foundation,  are  usually  employed  to  afford  the  highest  degree  of 
insulation  between  the  respective  circuits  of  the  two  machines. 

Ques.  What  is  the  objection  to  a  set  composed  of 
alternating  current  motor  and  alternator? 

Ans.  The  commercial  field  that  would  be  naturally  covered 
by  such  a  set  is  better  supplied  by  a  transformer. 

Ques.  Why? 

Ans.  Because  a  transformer  contains  no  moving  parts,  and 
is  therefore  simpler  in  construction,  cheaper  in  price,  and  less 
liable  to  get  out  of  order. 


Dynamotors. — A  dynamotor  differs  from  a  motor  generator 
in  that  the  motor  armature  and  the  generator  armature  are 
combined  into  one,  thereby  requiring  but  one  field  frame. 
Since  the  motor  and  generator  armature  windings  are  mounted 
on  a  single  core,  the  armature  reaction  due  to  the  one  winding 
is  neutralized  by  the  reaction  caused  by  the  other  winding.  There 
is,  consequently,  little  or  no  tendency  for  sparking  to  occur  at 
the  brushes,  and  they  therefore  need  not  be  shifted  on  this 
account  for  different  loads. 

Ques.    How  is  a  dynamotor  usually  constructed? 

Ans.    It  is  usually  built  with  two  pole  pieces  which  are  shunt 
wound. 
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Ques.  Why  does  the  voltage  developed  fall  off  slightly 
under  an  increase  of  load  ? 

Ans.    Because  a  compound  winding  cannot  be  provided. 

Ques.  Describe  the  armature  construction  and 
operation. 

Ans.    It  consists  of  two  separate  windings;  one  of  which  is 


Figs.  2,862  and  2,863. — Method  of  putting  on  belt*  when  the  driver  is  in  motion,  and  device 
used.   The  Utter  is  called  a  belt  slipper,  ai 

shield,  which  revolve  upon  the  stem,  B,  thus  yielding  easily  to  the  pull  of  the  belt.    A  staff 


per.  and  consists,  as  shown  in 


•9  til 

fig.  2.K 
Hill  of  t 


62,  of  a  cone  and 


or  handle  C  ot  any  convenient  length  can  be  fastened  to  the  socket.  The  mode  of  operation 
is  illustrated  in  fig.  2.863.  which  is  self  explanatory.  ^ 


joined  to  a  commutator  mounted  on  one  side  of  the  armature 
for  motor  purposes,  and  the  other  to  the  commutator  on 
the  other  side  of  the  armature  for  generator  purposes. 


By  means  of  two  studs  of  brushes  pressing  on  the  motor  commutator, 
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current  from  the  service  "vires  is  fed  into  the  winding  connected  tc 
this  commutator,  and  since  the  shunt  field  winding  is  also  excited 
by  the  current  from  the  service  wires,  there  is  developed  in  the  generator 
winding  on  the  rotating  armature  a  direct  voltage  which  is  pro- 
portional to  the  speed  of  rotation  of  the  armature  in  revolutions  per 


Figs.  2,864  to  2,86G.T-Convertcr  connections;  fig.  2,804  double  delta  connection;  fig.  2,805  dia- 
metrical connection;  fig.  2.S61  two  circuit  single  phase  connection.  For  six  phase  synchro- 
nous converter,  two  different  arrangements  of  tne  connections  are  generally  used.  One  is 
called  the  double  delta,  and  the  other  the  diamelriial  connection.  Let  the  armature  wind- 
ing of  the  converter  be  represented  by  a  circle  as  in  figs.  2.8(54  and  2.H65,  and  let  the  six 
equidistant  points  on  the  circumference  represent  collector  rings.then  the  secondary  of 
the  supply  transformers  can  l>e  connected  to  the  collector  rings  in  a  double  delta  as  in 
fig.  2,804,  or  across  diametrical  pairs  of  pointer  as  in  fig.  2,865.  In  the  first  instance, 
the  voltage  ratio  is  the  same  as  for  the  three  phase  synchronous  converter  and  simply 
consists  of  two  delta  systems.  The  transformers  can  also  1*  connected  in  double  star, 
and  in  such  a  case  the  ratio  between  the  three  phase  voltage  between  the  terminals  of 
each  star,  and  the  direct  voltage  will  be  the  same  as  for  double  delta,  while  the  volt- 
age of  each  transformer  coil,  or  voltage  to  neutral,  is  1  +  V3  times  as  much.  With 
the  diametrical  connection,  the  ratio  is  the  same  as  for  the  two  ring  single  phase 
converter,  it  being  analogous  to  three  such  systems.    Hence  six  phase  double  delta 

Ei  =  ViiE  -4-2  V2  =.612E.  Six  phase  diametrical.  Ei  =E  +  V2  =  .707E.  The  ratio  of 
the  virtual  voltage  Eo  between  any  collector  ring  and  the  neutral  point  is  always 

Eo  =E  -J-2  V*2  —.354E.  For  single  phase  synchronous  converters,  consisting  of  a  closed 
circuit  armature  winding  tapped  at  two  equidistant  points  to  the  two  collector  rings 

the  virtual  voltage  is  1  +  \2Xthe  direct  current  voltage.  While  such  an  arrangement  of 
the  single  phase  converter  is  the  simplest,  requiring  only  two  collector  rings,  it  is  unde- 
sirable, especially  for  larger  machines,  on  account  of  excessive  heating  of  the  armature 
conductors.  In  fig.  2,860,  which  represents  the  armature  winding  of  a  single  phase  con- 
verter, the  supply  circuits  from  two  secondaries  of  the  step  down  transformers  are  con- 
nected to  four  collector  rings,  so  that  the  two  circuits  arc  in  phase  with  each  other,  but 
each  spreads  over  an  arc  of  12i)  electrical  degrees  instead  of  over  180  degrees  as  in  the 
single  phase  circuit  converter.  To  distinguish  the  two  types,  it  is  generally  called  a  two 
circuit  single  phase  synchronous  converter.  The  virtual  voltage  E«  bears  to  the  direct 
voltage  the  same  relation  as  in  the  three  phase  converter,  that  is  single  phase  two  cir- 
cuit, Ei  -  V3  -i-2  V2  =  .012E. 


Second,  the  number  of  conductors  in  series  which  constitute  the  gen- 
erator winding,  and  the  total  strength  of  the  field  in  which  the  armature 
revolves.  This  pressure  causes  current  to  pass  through  the  generator 
winding  and  the  distributing  circuit  when  the  distributing  circuit  to 
which  this  winding  is  connected  by  means  of  its  respective  commutator, 
brushes,  etc.,  is  closed. 
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Ques.    How  is  a  dynamo  tor  started? 

Ans.  It  is  connected  at  its  motor  end  and  started  in  the 
same  manner  as  any  shunt  wound  motor  on  a  constant  pressure 
circuit. 

Ques.  What  precautions  should  be  taken  in  starting  a 
dynamotor? 

Ans.  The  necessary  precautions  are,  to  have  the  poles 
-on^ly  magnetized  before  passing  current  through  the  motor 
binding  on  the  armature;  to  increase  gradually  the  current 
through  this  winding,  and  not  to  close  the  generating  circuit 
:ntil  normal  conditions  regarding  speed,  etc.,  are  established 
m  the  motor  circuit. 

Ques.  How  is  the  current  developed  in  the  machine 
regulated? 

Ans.  It  can  be  regulated  by  the  introduction  of  resistance 
in  one  or  the  other  of  the  armature  circuits,  or  by  a  shifting  of 
the  brushes  around  the  commutator. 

Ques.  Are  dynamotors  less  efficient  than  motor  gen- 
erators of  a  similar  type? 

Ans.    No,  they  are  more  efficient. 
Ques.  Why? 

Ans.  Because  they  have  only  one  field  circuit  and  at  least 
one  bearing  less  than  a  motor  generator. 

A  motor  generator  has  at  least  three  bearings,  and  occasionally,  four, 
where  the  set  consists  of  two  independent  machines  directly  connected 
together. 


Rotary  Converters. — An  important  modification  of  the 
dynamotor  is  the  rotary  converter.  This  machine  forms,  as  it 
were,  a  link  between  alternating  and  direct  current  systems, 
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being  in  general  a  combination  of  an  alternating  current  motor 
and  a  dynamo. 

It  has  practically  become  a  fixture  in  all  large  electric  railway 
systems  and  in  other  installations  where  heavy  direct  currents 
of  constant  pressure  are  required  at  a  considerable  distance 
from  the  generating  plant.  In  such  cases  a  rotary  converter  is 
installed  in  the  sub-station,  and  being  simpler  .n  construction, 
higher  in  efficiency,  more  economical  of  floor  space,  and  lower 
in  price  than  a  motor  generator  set  consisting  of  an  alternating 
current  motor  and  a  dynamo  which  might  be  used  in  its  place, 
it  has  almost  entirely  superseded  the  latter  machine  for  the 
class  of  work  mentioned. 

Ques.  What  is  the  objection  to  the  single  phase  rotary 
converter? 

Ans.    It  is  not  self-starting. 

Ques.  What  feature  of  operation  is  inherent  in  a 
rotary  converter? 

Ans.    A  rotary  converter  is  a  "reversible  machine." 

That  is  to  say,  if  it  be  supplied  with  direct  current  of  the  proper 
voltage  at  its  commutator  end,  it  will  run  as  a  direct  current  motor  and 
deliver  alternating  current  to  the  collector  rings.  While  this  feature  is 
sometimes  taken  advantage  of  in  starting  the  converter  from  rest,  the 
machine  is  not  often  used  permanently  in  this  way,  its  commercial 
application  being  usually  the  conversion  of  alternating  currents  into 
direct  currents. 

Ques.  How  does  a  rotary  converter  operate  when 
driven  by  direct  current  ? 

Ans.  The  same  as  a  direct  current  motor,  its  speed  of  rotation 
depending  upon  the  relation  existing  between  the  strength 
of  the  field  and  the  direct  current  voltage  applied. 

If  the  field  be  weak  with  respect  to  the  armature  magnetism  re- 
sulting from  the  applied  voltage,  the  armature  will  rotate  at  a  high 

speed,  increasing  until  the  conductors  on  the  armature  cut  the  lines  of 
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force  in  the  field  so  as  to  develop  a  voltage  which  will  be  equal  to  that 
applied. 

Again,  if  the  field  be  strong  with  respect  to  the  armature  magnetism,  resulting  from  the 
applied  voltage,  the  armature  will  rotate  at  a  low  speed.  If,  therefore,  it  be  desired  to  operate 
the  converter  in  this  manner  and  maintain  an  alternating  current  of  constant  frequency,  the 
speed  of  rotation  must  be  kept  constant  by  supplying  a  constant  voltage  not  only  to  the  brushes 
pressing  on  the  commutator,  but  also  to  the  terminals  of  the  field  winding. 


PlC  2,868. — General  Klectric  synchronous  converter  with  series  booster.  This  type  of  con- 
verter generally  consists  of  an  alternator  with  revolvong  field  mounted  on  the  same  shaft 
as  the  converter  armature.  The  armature  of  the  alternator,  or  booster,  as  it  is  usually 
called,  is  stationary  and  connected  electrically  in  series  between  the  supply  circuit  and 
the  collector  rings  cf  the  synchronous  converter.  The  booster  field  has  the  same  number 
of  pole  as  the  converter  and  is  generally  shunt  wound.  A  change  in  the  booster  voltage 
will  correspondingly  change  the  alternating  voltage  impressed  on  the  converter  and  this 
rcgulatu  >n  can,  of  course.l>c  made  so  as  to  either  increase  or  decrease  the  impressed  voltage  by 
means  of  strengthening  or  weakening  the  booster  field.  The  voltage  variation  can  be  made 
other  non-automatic  or  automatic,  and  in  the  latter  case,  it  becomes  necessary  to  pro- 
vide a  motor  operated  rheostat  controlled  by  suitable  relays,  or  the  booster  can  be  pro- 
vMed  with  a  series  field.  By  means  of  a  booster,  it  is  possible  to  van*  the  direct  voltage 
of  the  converter  with  a  constant  alternating  supply  voltage,  and  this  voltage  regulation 
is  obtained  without  disturbance  of  the  power  factor  or  wave  shape  of  the  system.  Syn- 
chronous converters  are  frequently  installed  in  connection  with  Edison  systems,  where 
ihree  wire  direct  current  is  required.  The  three  wire  feature  is  obtained  either  by  providing 
extra  collector  nn«s  and  compensator,  as  with  ordinary  direct  current  generators,  or  also 
by  connecting  the  neutral  wire  directly  to  the  neutral  point  of  the  secondary  winding  of 
step  down  transformers,  if  such  be  furnished. 


Ques.  How  does  it  operate  with  alternating  current  drive  ? 

Ans.    The  same  as  a  synchronous  motor. 

Ques.    What  is  the  most  troublesome  part  and  why? 

Ans.    The  commutator,  because  of  the  many  pieces  of  which 
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it  is  composed  and  the  necessary  lines  along  which  it  is  con- 
structed, its  peripheral  speed  must  be  kept  within  reasonable 
limits. 

Ques.    What  should  be  the  limit  of  the  commutator 

™  :? 

The  commutator  speed,  or  tangential  speed  at  the 
should  not  exceed  .  >\(K)()  feet  per  minute. 
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Fic.  2.869. — Wiring  diagram  for  General  Elect:!'-        V  •»        •  ■■K\r:\>-.  ;.«-r;-.  ]  — .-.trr 

as  illustrate 


I 


itcd  in  fig.  2,S6>. 


Ques.  Name  another  limitation  necessary  for  satis- 
ctory  operation. 

Ans.     The   pressure    lulu-cm    adjacent    commutator  bars 
d  not  exceed  ci^lit  <>r  ten  volts. 

If  the  commutator  bars  be  uv.vlc  narrow  in  onlcr  to  obtain  the  neces- 
sary number  for  the  <K'-uv.l  volume  wirii  tin:  minimum  eircumference 
and  therefore  low  commutator  spirl,  the  h  nisi  us  <  m|  >!'  'Veil  to  collect 
the  current  are  liable  to  ivquirc  exivssive  width  in  onler  t<>  provide  th 
proper  cross  section  and  yet  not,  cover  more  than  two  bars  at  once. 
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Que*.  How  can  the  commutator  speed  be  kept  within 
reasonable  limits,  other  than  by  reducing  the  width  of 
the  commutator  bars? 

Ans.    By  using  alternating  current  of  comparatively  low 
frequency. 

For  a  rotary  converter  delivering  500  volt  direct  current,  the  proper 
frequency  for  the  alternating  current  circuit  has  been  found  to  be  25 
cycles  per  second. 

Ques.  When  a  rotary  converter  is  operated  in  the  usual 
manner  on  an  alternating  current  circuit,  how  can  the 
direct  current  be  varied? 

Ans.  It  may  be  varied  (from  zero  to  a  maximum)  by  chang- 
ing the  value  of  the  alternating  pressure  supplied  to  the  ma- 
chine, or  it  may  be  altered  within  a  limited  range  by  moving 
the  brushes  around  the  commutator,  or  in  a  compound  wound 
converter  by  changing  the  amount  of  compounding. 

Under  ordinary  conditions,  varying  the  voltage  developed  by  changing 
the  voltage  at  the  motor  end  is  not  practical,  hence  the  voltage  developed 
can  be  varied  only  over  a  limited  range.  In  addition  to  this,  the  voltage 
developed  at  the  direct  current  end  bears  always  a  certain  constant 
proportion  to  the  alternating  current  voltage  applied  at  the  motor  end; 
this  is  due  to  the  same  winding  being  used  both  for  motor  and  generator 
purposes.  In  all  cases  the  proportion  is  such  that  the  alternating  current 
voltage  is  the  lower,  being  in  the  single  phase  and  in  the  two  phase  con- 
verters about  .707  of  the  direct  current  voltage,  and  in  the  three  phase 
converter  about  .612  of  the  direct  current  voltage.  It  is  thus  seen  that 
whatever  value  of  direct  current  voltage  be  desired,  the  value  of  the 
applied  alternating  current  voltage  must  be  lower,  requiring  in  con- 
sequence the  installation  of  step  down  transformers  at  the  sub-station 
for  reducing  the  line  wire  voltage  to  conform  to  the  direct  current  pres- 
sure required. 

Ques.   What  is  the  efficiency  of  a  rotary  converter? 

Ans.  It  may  be  said  to  have  approximately  the  same 
efficiency  as  that  in  the  average  of  the  same  output,  although 
in  reality  the  converter  is  a  trifle  more  efficient  on  account  of 
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affording  a  somewhat  shorter  average  path  for  the  current  in 
the  armature,  reducing  in  consequence  the  resistance  loss  and 
the  armature  reaction. 

Ques.  May  a  converter  be  overloaded  more  than  a 
dynamo  of  the  same  output,  and  why? 

Ans.  Yes,  because  there  is  usually  less  resistance  loss  in  the 
armature  of  the  converter  than  in  the  armature  of  the  dynamo. 

+  '  


—    l-lo  — 

Pic.  2,870. — Wiring  diagram  for  three  wire  synchronous  converter  with  dclta-Y  connect*  <1 
step  down  transformer  with  the  neutral  brought  out.  It  is  evident  that  in  this  case  each 
transformer  secondary  receives  ft  of  the  neutral  current,  and  if  this  current  be  not  so 
small,  as  compared  with  the  exciting  current  of  the  transformer,  it  will  cause  an  increase 
in  the  magnetic  density. 


Thus,  a  two  phase  converter  may  be  overloaded  approximately  60 
per  cent.,  and  a  three  phase  converter  may  be  overloaded  about  30  per 
cent,  above  their  respective  outputs  if  operated  as  dynamos. 

Ques.    Describe  how  a  converter  is  started. 

Ans.  There  are  several  methods  any  one  of  which  may  be 
employed,  the  choice  in  any  given  case  depending  upon  which 
of  them  may  best  bo  followed  under  the  existing  conditions. 
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If  it  be  found  advisable  to  start  the  converter  with  direct  current, 
the  same  connections  would  be  made  between  the  source  of  the  direct 
current  and  the  armature  terminals  on  the  commutator  side  of  the 
converter  as  would  be  the  case  were  a  direct  current  shunt  motor  of 
considerable  size  to  be  started;  this  naturally  means  that  a  starting 
rheostat  and  a  circuit  breaker  will  be  introduced  in  the  armature  circuit. 

The  shunt  field  winding  alone  is  used,  and  this  part  of  the  wiring  may 
be  made  permanent  if,  as  is  usually  the  case,  the  same  source  of  direct 
current  is  used  normally  for  separate  field  excitation. 


—  i-u 


PttS.  2.S71. — Wiring  diagram  of  three  wire  synchronous  converter  with  distributed  Y  sec- 
ondary. This  system  eliminates  the  flux  distortion  due  to  the  unbalanced  direct  current 
in  the  neutral.  Two  separate  interconnected  windings  are  used  for  each  leg  of  the  Y. 
The  unbalanced  neutral  current  flowing  in  this  system  may  be  compared  in  action  to  the 
effect  of  a  magnetizing  current  in  a  transformer.  The  effect  of  the  main  transformer 
currents  in  the  primary  and  secondary  is  balanced  with  regard  to  the  flux  in  the  trans- 
former core,  which  depends  upon  the  magnetic  current.  When  a  direct  current  is  passed 
through  the  transformer,  unless  the  fluxes  produced  by  the  same  neutralize  one  another, 
its  effect  on  the  transformer  iron  varies  as  the  magnetizing  current.  For  example,  assume 
a  transformer  having  a  normal  ampere  capacity  of  100  and,  approximately.  6  amperes 
magnetizing  current,  and  assume  that  three  such  transformers  are  used  with  Y  con- 


nected secondaries  for  operating  a  synchronous  converter  connected  to  a  three  wire 
Edison  system.  Allowing  2o  per  cent,  unbalancing,  the  current  will  divide  equally 
among  the  three  legs  giving  S.33  amperes  per  leg,  which  is  more  than  the  normal  w*F 
nctizing  current.  The  loss  due  to  this  current  is,  however,  inappreciable,  but  the  in- 
creased core  losses  may  »>e  considerable.  If  a  distributed  winding  be  used,  the  direct 
current  flows  in  the  opposite  direction,  around  the  halves  of  each  core  thus  entire!)' 
neutralizing  the  flux  distortion.  Whether  the  straight  Y  connection  is  to  be  used  is 
merely  a  question  of  balancing  the  increased  core  loss  of  the  straight  Y  connection 
against  the  increased  copper  loss  and  the  greater  cost  of  the  interconnected  Y  system. 
The  straight  Y  connection  is  much  simpler,  and  it  would  be  quite  permissible  to  uss  it 
for  transformers  of  small  capacities  where  the  direct  current  circulating  in  the 
is  less  than  30  per  cent,  of  the  rated  transformer  current. 
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The  direct  current  may  be  derived  from  a  storage  battery,  from  a 
separate  converter,  or  from  a  motor  generator  set  installed  in  the  sub- 
station for  the  purpose. 

An  adjustable  rheostat  will,  of  course,  be  connected  in  the  field  circuit 
for  regulation.  Before  starting  the  converter,  however,  it  is  necessary 
to  do  certain  wiring  between  the  terminals  on  the  co'lector  side  of  the 
machine  and  the  alternating  current  supply  wires,  in  order  that  the 
change  over  from  direct  current  motive  power  to  alternating  current 
motive  power  may  be  made  when  the  proper  phase  relations  are  estab- 
lished between  the  alternating  current  in  the  supply  wires  and  the  al- 
ternating current  in  the  armature  winding  of  the  converter. 

In  order  that  proper  phase  relations  exist,  the  armature  of  the  con- 
verter must  rotate  at  such  a  speed  that  each  coil  thereon  passes  its  proper 
reversal  point  at  the  same  time  as  the  alternating  current  reverses  in 
the  supply  wires.  This  speed  may  be  calculated  by  doubling  tVc  fre- 
quency of  the  supply  current  and  then  dividing  by  the  number  of  pole 
pieces  on  the  converter,  but  a  far  more  accurate  method  of  judging 
when  the  converter  is  in  step  or  in  53  xhronism  with  the  supply  current 
consists  in  employing  incandescent  lan.ps  as  shown  in  fig.  2,872. 

! 

Ques.    How  is  a  polyphase  converter  started  with 
alternating  current  ? 

Ans.    This  may  be  done  by  applying  the  alternating  pressure 
directly  to  the  collector  rings  while  the  armature  is  at  rest. 
There  need  be  no  field  excitation ;  in  fact  the  field  windings  on 
the  separate  pole  pieces  should  be  disconnected  from  each  other 
before  the  alternating  voltage  is  applied  to  the  armature,  else 
a  high  voltage  will  be  induced  in  the  field  windings  which  may 
prove  injurious  to  their  insulation.    The  passage  of  the  alter- 
;  nating  current  through  the  armature  winding  produces  a  mag- 
|  netic  field  that  rotates  about  the  armature  core,  and  induces  in 
!  the  pole  pieces  eddy  currents,  which,  reacting  on  the  armature, 
exert  a  sufficient  torque  to  start  the  converter  from  rest  and 
cause  it  to  speed  up  to  synchronism. 

\    Ques.   How  much  alternating  current  is  required  to 
'  start  a  polyphase  converter? 

■ 

Ans,  About  100  per  cent,  more  than  that  required  for  full  load. 
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Ques.   How  may  this  starting  current  be  reduced? 

Ans.  Transformers  may  be  switched  into  circuit  temporarily 
to  reduce  the  line  wire  voltage  until  the  speed  become  normal. 

In  conjunction  with  this  method,  the  method  of  synchronizing  shown 
in  fig.  2,872  may  be  used,  thus,  in  starting,  there  is  an  alternating  current 
between  the  brushes  which  pulsates  very  rapidly,  but  when  synchronism 


THREE  PHASE 
CONVERTER 


Fig.  2.872. — Wiring  diagram  showing  arrangement  of  incandescent  lamps  for  determining 
the  proper  phase  relations  m  starting  a  rotary  converter.  The  alternating  current  side  of  • 
three  phase  converter  is  shown  at  C.  The  three  brushes  D,  T  and  G  pressing  on  itscolkct- 
or  rings  are  joined  in  order  to  the  three  single  pole  switches  H,  L  and  B  which  can  be  mad* 
to  connect  with  the  respective  wires  M,  R,  ana  V,  of  the  alternating  current  supply  circuit 
Across  one  of  the  outside  switches,  H,  for  example,  a  number  of  incandescent  lamps  are 
joined  in  series  as  indicated  at  E,  while  the  three  pole  switch  (not  shown)  in  the  mam  cir- 
cuit, between  the  alternator  and  the  single  pole  switches  is  open.  If  then  the  main  switch 
iust  mentioned  and  the  middle  switch  L  be  both  closed,  and  the  armature  of  the  alternator 
be  brought  up  to  normal  speed  by  running  it  as  a  direct  current  motor,  the  lamps  at  E  wiH 
light  up  and  darken  in  rapid  succession:  the  lighting  and  darkening  of  the  lamps  will  con- 
tinue until,  by  a  proper  adjustment  of  the  speed,  the  correct  phase  relations  be  estabbabed 
between  the  alternating  current  in  the  supply  circuit  and  the  alternating  current  developed 
in  the  armature  of  the  converter.  As  this  condition  is  approached,  the  intervals  bet  wren 
the  succcssuve  lighting  up  and  darkening  of  the  lamps  will  increase  until  they  remain  per- 
perfectly  dark.  There  is  then  no  difference  of  pressure  between  the  supply  circuit  M 
R  V  and  the  rotary  converter  armature  circuit,  so  the  source  of  the  direct  current  may  at 
that  instant  be  disconnected  from  the  machine,  and  the  switches  H  and  B,  closed.  If  tbc 
change  over  has  been  accomplished  before  the  phase  relations  of  the  two  circuits  differed, 
the  converter  will  at  once  conform  itself  to  the  supply  circuit  and  run  thereon  as  a  synchro- 
nous motor  without  further  trouble.  The  opening  of  the  direct  current  circuit  and  the 
closing  of  the  alternating  current  supply  circuit  may  be  done  by  hand,  but  preferably 
by  employing  a  device  that  will  automatically  trip  the  circuit  breaker  in  the  direct  current 
circuit  at  the  instant  the  switches  in  the  alternating  current  circuit  are  closed. 
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is  approached,  the  pulsations  become  less  rapid  until  finally  with  the 
converter  in  step  with  the  alternator  the  pulsations  entirely  disappear. 

The  light  given  by  the  lamps  thus  connected  indicates  accurately  the 
condition  of  affairs  at  any  one  time,  varying  from  a  rapidly  fluctuating 
light  at  the  beginning  to  one  of  constant  brilliancy  at  synchronism. 


"G.  2.873. — Diagram  of  motor  converter.  This  machine  which  is  only  to  be  used  for  converting 
from  alternating  to  direct  current,  consists  of  an  ordinary  induction  motor  with  phase 
wound  armature,  and  a  dynamo.  The  revolving  parts  of  both  machines  are  mounted 
on  the  same  shaft  and  from  the  figure  it  is  seen  that  the  armature  of  the  motor  and  the 
armature  of  the  dynamo  are  also  electrically  connected.  The  motor  converter  is  a  syn- 
chronous machine,  but  the  dynamo  receives  the  current  from  the  armature  of  the  motor 
at  a  frequency  much  reduced  from  that  impressed  upon  the  field  winding  of  the  motor. 
Assuming  that  the  motor  and  the  converter  have  the  same  number  of  pole,  the  motor 
will  rotate  at  a  speed  corresponding  to  one-half  the  frequency  of  the  supply  circuit.  The 
motor  will  operate  half  as  a  motor  and  half  as  a  transformer,  and  the  converter,  half  as 
a  dynamo  and  half  as  a  synchronous  converter,  in  that  one-half  of  the  electrical  energy 
supplied  to  the  motor  will  be  converted  into  mechanical  power  for  driving  the  converter, 
while  the  other  one-half  is  transferred  to  the  secondary  motor  windings  and  thereby  to 
the  converter  armature  in  the  form  of  electrical  power.  The  capacity  of  the  motor  is 
theoretically  only  half  what  it  would  be  if  it  were  to  convert  the  whole  of  the  electrical 
energy  into  mechanical  power  because  the  rating  depends  upon  the  speed  of  the  rotating 
field  and  not  on  that  of  the  rotor.  If  the  two  machines  have  a  different  number  of  pole, 
or  are  connected  to  run  at  different  speeds,  the  division  of  power  is  at  a  different  but  con- 
stant ratio.  The  machine  starts  up  as  an  ordinary  polyphase  induction  motor  and  the 
field  of  the  converter  is  built  up  as  though  it  were  an  ordinary  dynamo.  Motor  converters 
are  occasionally  used  on  high  frequency  systems,  as  their  commutating  component  is  of 
half  frequency,  and  thus  permits  better  commutator  design  than  a  high  frequency  con- 
verter. The  advantage  01  this  type  of  machine  is  that  for  phase  control  it  requires  no 
extra  reactive  coils,  the  motor  itself  having  sufficient  reactance.  It  is,  however,  larger 
than  standard  converters,  but  smaller  than  motor  generators,  as  half  the  power  is  con- 
verted in  each  machine.  Its  efficiency  is  less  than  for  synchronous  converters,  and  the 
danger  of  reaching  double  speed  in  case  of  a  short  circuit  on  the  direct  current  side  is 
very  great.  It  has  been  used  abroad  to  some  extent  for  »V0  cycle  work,  in  preference  to 
synchronous  converters,  but  with  the  present  reliable  design  of  00  cycle  converters,  and 
the  general  use  of  25  cycles,  where  severe  service  conditions  arc  met,  as  in  railroading, 
motor  converters  should  not  be  recommended. 
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Ques.  If  the  armature  of  the  starting  motor  have  a 
starting  resistance,  how  must  this  be  connected? 

Ans.  It  should  be  connected  in  series  with  the  armature 
inductors  before  the  alternating  voltage  is  applied. 

As  the  motor  increases  in  speed,  the  starting  resistance  is  gradually 
short  circuited  until  it  is  entirely  cut  out  of  circuit. 


Pic.  2,874. — Sectional  view  of  General  Electric  vertical  synchronous  converter.  In  thil  coa- 
st ruction,  the  field  frame  carrying  the  poles  is  mounted  on  cast  iron  pedestals  and  is 
split  vertically.  This  allows  the  two  halves  of  the  frame  to  be  separated  for  inspection 
or  repairs  of  the  armature.  The  armature,  including  commutator  and  collector  rings, 
is  mounted  on  a  vertical  stationary  shaft,  which  is  rigidly  supported  from  the  foundation. 
The  thrust  of  the  armature  is  carried  on  a  roller  bearing  attached  to  the  top  of  the  shaft 
and  upper  side  of  the  armature  spider.  The  under  side  of  the  lower  plate  of  the  rolkr 
bearing  is  made  spherical  and  fits  into  a  corresponding  spherical  cup  on  the  end  of  the 
shaft,  making  the  bearing  self  aligning.  The  armature  spider  has  a  babbited  sleeve  along 
the  tit  of  the  vertical  shaft,  which  acts  as  a  guide  bearing  and  has  to  take  only  the  thrust 
due  to  the  unbalancing  effect  of  the  rotating  parts.  A  circulating  pump  furnishes  oil  to 
the  roller  bearing,  the  oil  draining  off  through  the  guide  bearing.  A  marked  advanupt 
of  this  type  of  construction  is  the  accessibility  of  the  commutator  for  adjustment  of  the 
brushes,  etc.,  as  there  is  no  pit  or  pedestal  bearing  to  interfere. 

NOTE.— Some  converters  are  provided  with  a  small  induction  motor  for  stsrtitur 
mounted  on  an  iron  bracket  cast  in  the  converter  frame,  and  whose  shaft  is  keyed  to  thstot 
the  converter.  Allowing  for  a  certain  amount  of  slip  in  the  induction  motor,  the  field  of  this, 
machine  must  possess  a  less  number  of  magnet  poles  than  the  converter  in  order  to  enable  the 
latter  machine  to  be  brought  to  full  synchronism.  To  start  the  induction  motor,  it  is  simply 
necessary  to  apply  to  its  field  terminals  the  proper  alternating  voltage.  The  bracket,  and 
of  CUie0converter0t°r'  **  U3uaIly  mounted  outside  the  annature  bearing  on  the  collector  side 

» 
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Ques.  Describe  the  usual  wiring  for  the  installation 
of  a  rotary  converter  in  a  sub-station. 

Ans.  Commencing  at  the  entrance  of  the  high  pressure  cables, 
first  there  is  the  wiring  for  the  lightning  arresters,  then  for 


i 


LINE  . 


AMMETER 


VOLTMETER 


UN  KNOWN 

J  OOOOOOOOOOCTO '  ^MBOWtWftW'oWBW*- 

RE.SI  STANCE  ADJUSTABLE 


RESISTANCE 

ftc.  2.875. — Resistance  measurement  by  "drop"  method.    The  circuit  whose  resistance  is 
to  be  measured,  is  connected  in  series  with  an  ammeter  and  an  adjustable  resistance  to 
vary  the  flow  of  current.    A  voltmeter  is  connected  directly  across  the  terminals  of  the 
resistance  to  be  measured,  as  shown  in  the  figure.    According  to  Ohm's  law  I  =E  -i-R, 
from  which,  R  «■£  +1.    If  then  the  current  flowing  in  the  circuit  through  the  unknown 
resistance  be  measured,  and  also  the  drop  or  difference  of  pressure,  the  resistance  can  be 
calculated  by  above  formula.    In  order  to  secure  accurate  determination  of  the  resistance 
such  value  of  current  must  be  used  as  will  give  large  deflections  of  the  needle  on  the  in- 
struments employed.    A  number  of  independent  readings  should  be  taken  with  some  varia- 
tion of  the  current  and  necessarily  a  corresponding  variation  in  voltage.    The  resistance 
should  then  be  figured  from  each  set  of  readings  and  the  average  ot  all  readings  taken  for 
the  correct  resistance.    Great  care  must  be  taken,  however,  in  the  readings,  and  the 
instruments  must  be  fairly  accurate.    For  example,  suppose  that  the  combined  instru- 
ment error  and  the  error  of  the  reading  in  the  voltmeter  should  be  1  per  cent.,  the  reading 
being  high,  while  the  corresponding  error  of  the  ammeter  is  1  per  cent.  low.    This  would 
cause  an  error  of  approximately  2  per  cent,  in  the  reading  of  the  resistance.    In  making 
careful  measurements  of  the  resistance,  it  is  also  necessary  to  determine  the  temperature 
of  the  resistance  being  measured,  as  the  resistance  of  copper  increases  approximately  .4 
of  1  per  cent,  for  each  degree  rise  in  temperature.    Use  is  made  of  this  fact  for  determining 
the  increase  in  temperature  of  a  piece  of  apparatus  when  operating  under  load.    The  re- 
sistance ot  the  apparatus  at  some  known  temperature  is  measured,  this  being  called  the 
cold  resistance  of  the  apparatus.    At  the  end  of  the  temperature  test  the  hot  resistance  is 
taken.    Assume  the  resistance  has  increased  by  15  per  cent.    This  would  indicate  a  rise 
in  temperature  of         degrees  above  the  original  or  cold  temperature  of  the  apparatus. 
Suppose  then  that  in  measuring  the  cold  resistance,  results  arc  obtained  which  are  2  per 
cent,  low,  and  that  in  measuring  the  hot  resistance,  there  be  2  per  cent  error  in  the  oppo- 
site direction.    This  would  mean  that  a  total  error  of  4  per  cent,  had  been  made  in  the 
difference  between  the  not  and  cold  resistances,  or  an  error  of  10  degrees.    The  correct 
rise  m  temperature  is,  therefore,  about  27     instead  of  37  ? -j  degrees.    In  other  words,  an 
error  of  2  per  cent,  m  measuring  each  resistance  has  caused  an  error  of  approximately  36  ^ 
per  cent,  in  the  measurement  of  the  rise  in  temperature.    The  constant  .4  which  has  been 
used  above  »s  only  approximate  and  should  not  be  used  for  exact  work.    For  detail  in- 
structions of  making  calculations  of  resistance  and  termperature,  see  "Standardization 
Rules  of  the  A.  I.  E  S." 
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Figs.  2,876  to  2.879. — How  to  connect  instruments  for  power  measurement.  There  arc  several 
ways  of  connecting  an  ammeter,  voltmeter  and  wattmeter  in  the  circuit  for  the  measure- 
ment of  power.  A  few  of  the  methods  are  discussed  below.  With  some  of  the  connec- 
tions it  is  necessary  to  correct  the  readings  of  the  wattmeter  for  the  losses  in  the  coil,  or 
coils,  of  the  wattmeter,  or  for  losses  in  ammeter  or  voltmeter.  This  is  necessary  since 
the  instruments  may  be  so  connected  that  the  wattmeter  not  only  measures  the  load  but 
includes  in  its  indications  some  of  the  instrument  losses.  If  the  load  measured  be  small 
or  considerable  accuracy  is  required,  these  instrument  losses  may  be  calculated  as  follows. 
Loss  in  pressure  coil  is  E*  +R,  in  which  E  is  the  voltage  at  the  terminals  of  the  pressure 
coil  and  R  is  the  resistance.  Loss  in  current  coil  is  I*  R  in  which  I  is  the  current  flowing 
and  R  the  resistance  of  the  current  coil.  In  general  let  Er  -  voltage  across  terminals  of  the 
voltmeter;  Ew -voltage  across  the  terminals  of  the  pressure  coil  of  the  wattmeter;  I*  * 
current  through  current  coil  of  wattmeter;  la  13  current  through  current  coil  of  ammeter- Rr  ■ 
resistance  of  pressure  coil  of  voltmeter;  Rto  ""resistance  of  pressure  coil  of  wattmeter;  R'»  ■ 
resistance  of  current  coil  of  wattmeter;  Ra  "resistance  of  current  coil  of  ammeter.  Then 
the  losses  in  the  various  coils  will  be  as  follows:  E*r  +Rr  ■  loss  in  pressure  coil  of  voltmeter. 
EV +R*r™  loss  in  pressure  ceil  of  wattmeter.  I'ujR'i/i  —loss  in  current  coil  of  wattmeter. 
I'oRa  —loss  in  current  coil  of  ammeter.  If  connection  be  made  as  in  fig.  2,876,  the  correct 
;>owcr  ot  the  circuit  will  be  the  wattmeter  readingW  —  (E*r  -s-Rf  -fE'n.  +Rir)  in  which 
E,  -  E,„.  In  fig.  2.877,  the  power  is  W  -  E*u>  +  Km>.  In  fig.  2,878,  the  power  is  W 
—  I'trRSp,  or  the  correct  power  is  the  wattmeter  reading  minus  the  loss  in  the  current 
coil  of  the  wattmeter.  In  fig.  2.K79,  the  power  is  W  -  (E*,„  rRw  +  I««Ra).  The  usual 
method  of  connection  is  cither  as  in  fig.  2,876  or  fig.  2.877.  In  either  case  the  cur- 
rent reading  is  that  of  the  load  plus  the  currents  in  the  pressure  coils  of  the  voltmeter  and 
wattmeter.  Unless  the  current  being  measured,  however,  is  very  small,  or  extreme  accu- 
racy is  desired,  it  is  unnecessary  to  correct  ammeter  readings.  In  fig.  2,877  a  small 
error  is  introduced  due  to  the  fact  that  the  actual  voltage  applied  to  the  load  is  that  given 
by  the  voltmeter  minus  the  small  drop  in  voltage  through  the  current  coil  of  the  watt- 
meter. If  an  accurate  measure  of  the  current  in  connection  with  the  power  consumed  by 
the  load  be  required,  the  connections  shown  in  fig.  2,879  are  used,  and  if  extreme  accu- 
racy is  required,  the  wattmeter  reading  is  reduced  by  the  losses  in  the  ammeter  and  in  the 
pressure  coil  of  the  wattmeter.  The  loss  in  the  pressure  coil  of  a  wattmeter  or  voltmeter 
may  be  as  high  as  12  or  15  watts  at  220  volts.  The  loss  in  the  current  coil  of  a  wattmeter 
with  10  amperes  flowing  may  be  6  or  8  watts.  It  can  be  easily  seen  that  if  the  core  or 
copper  losses  of  small  transformers  are  being  measured,  it  is  quite  necessary  to  correct 
the  wattmeter  readings,  for  the  instrument  losses.  In  measuring  the  losses  of  a  25  or 
50  H.P.  induction  motor,  the  instrument  losses  may  be  neglected.  A  careful  study  of  the 
above  will  show  when  it  becomes  necessary  to  correct  for  instrument  losses  and  the  method 
of  making  these  corrections.  Connections  are  seldom  used  which  make  it  necessary  to 
correct  for  the  losses  in  the  current  coils  of  cither  ammeter  or  wattmeter,  as  the  losses  vary' 
with  the  change  in  the  current.  On  the  other  hand,  the  voltages  generally  used  are  fairly 
constant  at  1 10  or  220,  and  when  the  losses  of  the  pressure  coils  at  these  voltages  have 
calculated,  the  necessary  instrument  correction  can  be  readily  made. 
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the  connection  in  circuit  of  the  high  tension  switching  devices, 
from  which  the  conductors  are  led  to  bus  bars,  and  thence  to 
the  step  down  transformers. 

On  a  three  phase  system  the  transformers  should  be  joined  in  delta 
connection,  as  a  considerable  advantage  is  thereby  gained  over  the  star 
connection,  in  that  should  one  of  the  transformers  become  defective,  the 
remaining  two  will  carry  the  load  without  change  except  more  or  less 
additional  heating.  Between  the  transformers  and  rotary  converter  the 
circuits  should  be  as  short  and  simple  as  possible,  switches,  fuses, 
and  other  instruments  being  entirely  excluded.  The  direct  current  from 
the  converter  is  led  to  the  direct  current  switchboard,  and  from  there 
distributed  to  the  feeder  circuits. 


WATTMETER  ERROR  FOR  A  LOAD  OF  1,000  VOLT-AMPERES 

(For  a  lag  of  1  degree  in  the  pressure  coil) 


Power  factor 

True  watts 

Error 

Error  of  indi- 
cation in  per 
cent,  of  true 
value 

1. 

1,000 

.3 

o.a3 

.9 

900 

7.6 

0.85 

.8 

800 

10.5 

1.31 

.7 

700 

12.5 

1.78 

.6 

600 

13.9 

2.32 

.5 

500 

15.1 

3.02 

.4 

400 

15.9 

3.98 

.3 

300 

16.6 

5.54 

.2 

200 

17.1 

8.55 

.1 

100 

17.3 

1.73 

NOTE. — In  the  iron  vane  type  instrument  when  used  as  a  wattmeter,  the  current  of  the 
•cries  coil  always  remains  in  perfect  phase  with  the  current  ol  the  circuit,  provided  series  trans- 
formers are  not  introduced.  The  error,  then,  is  entirely  due  to  the  lag  of  the  curroot  in  the 
pressure  coil,  and  this  error  in  high  power  factor  is  exceedingly  small,  increasing  as  the  power 
factor  decreases.  In  the  above  table  it  should  be  noted  that  the  value  of  the  error  as  dis- 
tinguished from  the  per  cent,  of  enor,  instead  of  indefinitely  increasing  as  the  power  factor 
diminishes,  rapidly  attains  a  maximum  value  which  is  less  than  2  per  cent,  of  the  power  deliv- 
ered under  the  same  current  and  without  inductance,  it  should  also  be  noted  that  the  above 
tabulation  is  Ofi  the  assumption  of  a  lag  of  1  degree  in  the  pressure  coil.  The  actual  lag  in 
Wagner  instruments  for  instance,  is  approximately  .0K.j  of  a  degree,  and  the  error  du<  t •  •  *':.<• 
lag  of  the  pressure  coil  in  Wagner  instruments  is,  therefore,  proportionally  reduced  from  th* 
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Ques.  In  large  sub-stations  containing  several  rotary 
converters  how  are  they  operated? 

Ans.  Frequently  they  are  installed  to  receive  their  respec- 
tive currents  from  the  same  set  of  bus  bars;  that  is,  they  may 
be  operated  as  alternating  current  motors  in  parallel.  They  are 
also  frequently  operated  independently  from  single  bus  bars, 
but  very  seldom  in  series  with  each  other. 


Fig.  2.S.SO. — Single  phase  motor  test.  In  this  method  of  measuring  the  input  of  a  single  phase 
motor  of  any  type,  the  ammeter,  voltmeter  and  wattmeter  are  connected  as  shown  in 
the  illustration.  The  ammeter  measures  the  current  flowing  through  the  motor, 
the  voltmeter,  the  pressure  across  the  terminals  of  the  motor,  and  the  wattmeter  the  total 
power  which  flows  through  the  motor  circuit.  With  the  connections  as  shown,  the  watt- 
meter would  also  measure  the  slight  losses  in  the  voltmeter  and  the  pressure  coil  of  the 
wattmeter,  but  for  motors  of  \i  H.P.  and  larger,  this  loss  is  so  small  that  it  may  be  neg- 
lected. The  power  factor  may  be  calculated  by  dividing  the  true  watts  as  indicated  by 
the  wattmeter,  by  the  product  of  the  volts  and  amperes. 

Ques.  How  may  the  direct  current  circuit  be  con- 
nected? 

Ans.    In  parallel. 


NOTE. — In  motor  testing,  by  the  methods  illustrated  in  the  accompanying  cuts,  it  is 
assumed  that  the  motor  is  loaded  in  the  ordinary  way  by  belting  or  direct  connecting  the 
motor  to  some  form  of  load,  and  that  the  object  ts  to  determine  whether  the  motor  is  over  or 
under  loaded,  and  approximately  what  per  cent,  of  full  load  it  is  carrying.  All  commercial 
motors  have  name  plates,  wiving  the  rating  of  the  motor  and  the  full  load  current  in  amperes. 
Hence  the  y*T  emt.  of  load  earned  can  be  determined  approximately  by  measuring  the  current 
input  and  the  voltage.  If  an  effic  iency  test  of  the  apparatus  be  required,  it  becomes  necessary 
to  use  some  form  of  absorption  by  dynamometer,  such  as  a  Prony  or  other  form  of  brake. 
The  output  of  the  moU>r  can  then  be  determined  from  the  brake  readings.  The  scope  of  the 
present  treatment  is.  however,  too  limited  to  go  into  the  subject  of  different  methods  of  meas- 
uring the  output  of  the  apparatus,  and  is  confined  rather  to  methods  of  measuring  current 
input,  voltage,  and  watts.  The  accuracy  of  all  tests  is  obviously  dependent  upon  the  accuracy 
of  the  instruments  employed.  Before  accepting  the  result  obtained  by  any  test,  especially 
under  light  or  no  load,  correction  should  be  made  for  wattmeter  error.  See  table  of  watt- 
meter error  on  page  2,075. 
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Oues.  What  provision  should  be  made  against  inter- 
ruption of  service  in  sub-stations? 

There  should  be  one  reserve  rotary  converter  to  every 
or  four  converters  actually  required. 

Why  does  a  rotary  converter  operate  with 
greater  efficiency,  and  require  less  attention  than  does 
a  dynamo  of  the  same  output? 

Ans.    There  is  less  friction,  and  less  armature  resistance, 


T  H  REE  PHASE 


1 

THREE-PHASE  MOTOR  p 

VOLTMETER 


AMMETER 


—Three  phase  motor  test  ;  voltmeter  and  ammeter  method.  If  it  be  desired  to 
determine  the  approximate  load  on  a  throe  phase  motor,  this  may  be  done  by  means  of 
the  connections  as  shown  in  the  figure,  and  the  current  through  one  of  the  three  lines  and 
the  voltage  across  the  phase  measured.  If  the  voltage  be  approximately  the  rated  voltage 
of  the  motor  and  the  amperes  the  rated  current  of  the  motor  (as  noted  on  the  name  plate) 
it  may  be  assumed  that  the  motor  is  carrying  approximately  full  load.  If,  on  the  other 
hand,  the  amperes  show  much  in  excess  of  full  load  rating,  the  motor  is  carrying  an  over- 
load. The  heat  generated  in  the  copper  varies  as  the  square  of  the  current.  That  gen- 
erated in  the  iron  vanes  anywhere  from  the  l.ti  power,  to  the  square.  This  method  is  very 
convenient  if  a  wattmeter  be  not  available,  although,  it  is,  of  course,  of  no  value  for  the 
determination  of  the  efficiency  or  power  factor  of  the  apparatus.  This  method  gives  fairly 
Accurate  results,  providing  the  load  on  the  three  phases  of  the  motor  be  fairly  well  bal- 
anced. If  there  be  much  difference,  however,  in  the  voltage  of  the  three  phases,  the 
ammeter  should  be  switched  from  one  circuit  to  another,  and  the  current  measured  in 
each  phase.  If  the  motor  be  very  lightly  loaded  and  the  voltage  of  the  different  phases 
'  by  2  or  3  per  cent.,  the  current  in  the  three  le>;s  of  the  circuit  will  vary  -JO  to  30 per  cent. 


the  latter  because  the  alternating  current  at  certain  portions  of 
each  revolution  passes  directly  to  the  commutator  bars  wither  ' 
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traversing  the  entire  armature  winding  as  it  does  in  a  dynamo; 
there  is  no  distortion  of  the  field  and  consequently  no  sparking, 
or  shifting  of  the  brushes,  since  the  armature  reaction  resulting 
from  the  current  fed  into  the  machine  and  that  due  to  the  cur- 
rent generated  in  the  armature  completely  neutralizes  each 


FlG.  2,^2. — Three  pha^c  motor  tc^t  by  the  two  wattmeter  method.  If  an  accurate  tcs'.  of 
a  three  phase  motor  be  required.it  is  necessary  to  use  the  method  here  indicated.  Assume 
the  motor  to  be  loaded  with  n  brake  so  that  its  output  can  be  determined.  This  method 
gives  correct  results  even  with  considerable  unbalancing  in  the  voltages  of  the  three 
phases.  With  the  connections  as  shown,  the  sum  of  the  two  wattmeter  readings  gives 
the  total  power  in  the  cireuit.  Neither  meter  by  itself  measures  the  power  in  any  one 
of  the  throe  phases.  In  fact,  with  light  load  one  of  the  meters  will  probably  g»>  j  *  nega- 
tive reading,  and  it  will  then  be  necessary  to  either  reverse  its  current  or  pressuie  le*di 
in  order  that  the  deflection  may  be  noted.  In  such  cases  the  algebraic  sums  of  the  twe 
readings  must  be  taken.  In  other  words,  if  one  read  plus  500  watts  and  the  other,  xmnua 
300  watts,  the  total  power  in  the  circuit  will  be  600  minus  300.  or  200  watts.  As  Um 
load  comes  on.  the  readings  of  the  instrument  which  gave  the  negative  deflection  wil 
decrease  until  the  reading  drops  to  zero,  and  it  will  then  be  necessary  to  again  revera 
the  pressure  leads  on  this  wattmeter.  Thereafter  the  readings  of  both  instruments  wfl 
be  positive,  and  the  numerical  sum  of  the  two  should  be  taken  as  the  measurement  0 
the  load.  If  one  set  of  the  instruments  be  removed  from  the  circuit,  the  reading  of  tin 
remaining  wattmeter  will  have  no  meaning.  As  stated  above,  it  will  not  indicate  tb 
power  under  these  conditions  in  any  one  phase  of  the  circuit.  The  power  factor  is  oti 
tained  by  dividing  the  actual  watts  input  by  the  product  of  the  average  of  the  voltmeter 
readings  Xthe  average  of  the  ampere  readings  X  1.73. 

Ques.  What  electrical  difficulty  is  experienced  witl 
a  rotary  converter? 

Ans.    Regulation  of  the  direct  current  voltage. 
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Ques.    How  is  this  done? 

Ans.  It  can  be  maintained  constant  only  by  preserving 
uniform  conditions  of  inductance  in  the  alternating  current 
circuit,  and  uniform  conditions  in  the  alternator. 

While  changes  in  either  of  these  may  be  compensated  to  a  certain  extent 
by  adjustment  of  the  field  strength  of  the  converter,  they  cannot  be 
entirely  neutralized  in  this  manner;  it  is  therefore  necessary  that  both 
the  line  circuit  and  the  alternator  be  given  attention  if  the  best  results 
are  to  be  obtained  from  the  converter. 

Ques.  What  mechanical  difficulty  is  experienced  with 
rotary  converters? 

Ans.  Hunting. 

Ques.   What  is  the  cause  of  this? 

Ans.    It  is  due  to  a  variation  in  frequency. 

The  inertia  of  the  converter  armature  tends  to  maintain  a  constant 
speed;  variations  in  the  frequency  of  the  supply  circuit  will  cause  a  dis- 
placement of  phase  between  the  current  in  the  armature  and  that  in 
the  line  wires,  which  displacement,  however,  the  synchronizing  current 
strives  to  decrease.  The  synchronizing  current,  although  beneficial  in 
remedying  the  trouble  after  it  occurs,  exerts  but  little  effort  in  preventing 
it,  ana  many  attempts  have  been  made  to  devise  a  plan  to  eliminate 
this  trouble. 


NOTE. — Three  phase  motor  test;  polyphase  wattmeter  method.  This  is  identical  with 
the  test  of  fig.  2.882.  except  that  the  wattmeter  itself  combines  the  movement  of  the  two 
wattmeters.  Otherwise  the  method  of  making  the  measurements  is  identical.  If  the  power 
factor  be  known  to  be  less  than  50  per  cent.,  connect  one  movement  so  as  to  give  a  positive 
dtflection;  then  disconnect  movement  one  and  connect  movement  two  so  as  to  give  a  positive 
deflection.  Then  reverse  either  the  pressure  or  current  leads  of  the  movement,  giving  the 
smaller  deflection,  leaving  the  remaining  movement  with  the  original  connections.  The 
leadings  now  obtained  will  l>e  the  correct  total  watts  delivered  to  trie  motor.  If  the  power 
fa  tort*  knoWU  tobt  OfW  60  per  cent.,  the  same  methyl*  should  U*  empl  >yed,  except  that 
both  movements  should  be  independently  connected  to  give  positive  readings.  An  unloaded 
induction  motor  has  a  power  factor  of  less  than  60  per  cent.,  and  may,  therefore,  be  used 
as  above  for  determining  the  correct  connections.  For  a  better  understanding  of  the  reasons 
for  the  above  method  of  procedure,  the  explanation  of  the  two  wattmeter  method,  fig.  2,882, 
should  be  read.  The  power  factor  may  be  calculated  as  explained  under  fig.  2,882.  Connect 
as  shown  in  fig.  2,882.  The  following  check  on  connection  may_be  made.  Let  the  polyphase 
induction  motor  run  idle,  that  is,  with  no  load.  The  motor  will  then  operate  with  a  power 
factor  less  than  60  per  cent.  The  polyphase  raet«r  should  give  a  positive  indication,  but  if 
each  movement  be  tried  separately  one  will  be  found  to  give  a  negative  reading,  the  other 
movement  will  give  a  positive  reading.  This  can  be  done  by  disconnecting  one  of  the  pressure 
leads  from  the  binding  ipost  of  one  movement.    When  the  power  factor  is  above  60  per  cent. 


give  positive 
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Ques.  What  are  the  methods  employed  to  prevent 
hunting? 

Ans.  1,  the  employment  of  a  strongly  magnetized  field 
relative  to  that  developed  by  the  armature;  2,  a  heavy  fly- 
wheel effect  in  the  converter;  3,  the  increasing  of  the  inductance 
of  the  armature  by  sinking  the  windings  thereon  in  deep  slots 
in  the  core,  the  slots  being  provided  with  extended  heads;  and 
4,  the  employment  of  damping  devices  or  amortisseur  winding 
on  the  pole  pieces  of  the  converter. 


TMRCt  PMASC  MOTOR 


Fig.  2,883. — Three  phase  motor  test;  one  wattmeter  method.  This  method  is  equivalent  to 
the  two  wattmeter  method  with  the  following  difference.  A  single  voltmeter  (as  shown 
above)  with  a  switch.  A.  can  be  us  d  to  con  cct  the  voltmeter  across  either  one  of  the 
two  phases.  Three  switches.  H.  C  and  D,  are  employed  for  changing  the  connection  o( 
the  ammeter  and  wattmeter  in  either  one  of  the  two  lines.  With  the  switches  B  and  D 
in  the  position  shown,  the  ammeter  and  wattmeter  series  coils  are  connected  in  the  left 
hand  line.  The  switch  C  must  be  closed  under  these  conditions  in  order  to  have  the  mid- 
dle lint*  closed.  Another  reading  should  then  be  taken  before  any  change  of  load  hm 
occurred,  with  switch  A  thrown  to  the  right,  switch  B  closed,  switch  D  thrown  to  the 
right  and  switch  C  opened.  The  ammeter  and  the  current  coil  of  the  wattmeter  will 
then  be  connected  to  the  middle  line  of  the  motor.  In  order  to  prevent  any  interrupticm 
of  the  circuit,  the.  switches  B,  D  and  C  should  be  operated  in  the  order  given  above. 
With  very  light  load  on  the  motor  the  wattmeter  will  probably  give  a  negative  deflection 
in  one  phase  or  the  other,  and  it  will  be  necessary  to  reverse  its  connections  before  taking 
the  readings.  For  this  purpose  a  double  pole,  double  throw  switch  is  sometimes  inserted 
in  the  circuit  of  the  pressure  coil  of  the  wattmeter  so  that  the  indications  can  be  reversed 
without  disturbing  any  of  the  connections.  It  is  suggested,  before  undertaking  this 
that  the  instructions  for  test  by  the  two  wattmeter  and  by  the  polyphase 
methods  be  read. 
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Ques.    What  method  is  the  best? 

Ans.    The  damping  method. 

The  devices  employed  for  the  purpose  are  usually  copper  shields 
placed  between  or  around  the  pole  pieces,  although  in  some  converters 
the  copper  is  embedded  in  the  poles,  and  in  others  it  is  made  simply  to 
surround  a  portion  of  the  pole  tips. 

In  any  case  its  action  is  as  follows :  The  armature  rotating  at  a  variable 
speed  has  a  field  developed  therein  which  is  assumed  to  be  also  rotating 
at  a  variable  speed;  the  magnetism  of  this  rotary  field  induces  currents 
in  the  copper  which,  however,  react  on  the  armature  and  oppose  any 


Pig.  2,«84.— Three  phase  motor,  one  wattmeter  and  Y  box  method.  This  method  is  of  service, 
only,  provided  the  voltages  of  the  three  phases  are  the  same.  A  slight  variation  of  the 
vo!ta«e  of  the  different  phases  may  cause  a  very  large  error  in  the  readings  of  the  watt- 
meter, and  inasmuch  as  the  voltage  of  all  commercial  three  phase  circuits  is  more  or 
less  unbalanced,  this  method  is  not  to  be  recommended  for  motor  testing.  With  bal- 
anced voltage  in  all  three  phases,  the  power  is  that  indicated  by  the  wattmeter,  multi- 
plied by  three.   Power  factor  may  be  calculated  as  before. 

tendency  toward  a  further  shifting  of  the  magnetism  in  the  armature 
and  therefore  prevent  the  development  of  additional  currents  in  the 
copper.  Since  copper  is  of  low  resistance,  the  induced  currents  are 
sufficient  in  strength  to  thus  dampen  any  tendency  toward  phase  dis- 
placement, and  so  exert  a  steadying  influence  upon  the  installation  as  a 
whole. 

Electrical  Measuring  Instruments.— In  the  manufacture 
of  most  measuring  instruments,  the  graduations  of  the  scale 
are  made  at  the  factory,  by  comparing  the  deflections  of  thr 
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pointer  with  voltages  as  measured  on  standard  apparatus.  The 
voltmeters  in  most  common  use  have  capacities  of  5,  15,  75, 
150,  300,  500  and  750  volts  each,  although  in  the  measurement 
of  very  low  resistances  such  as  those  of  armatures,  heavy  cables, 
or  bus  bars,  voltmeters  having  capacities  as  low  as  .02  volt  are 
employed. 

The  difference  between  the  design  of  direct  current  volt- 
meters of  different  capacities  lies  simply  in  the  high  resistance 


THREE  PHASE  MOTOR 
WITH  NEUTRAL  BROUGHT] 
OUT 


Pig.  2.HHT). — Test  of  three  phase  motor  with  neutral  brought  out;  single  wattmeter  method 
Some  star  connected  motors  have  the  connection  brought  out  from  the  neutral  of  th 
winding.  In  this  case  the  circuit  may  be  connected,  as  here  shown.  The  voltmeter  no'j 
measures  voltage  between  the  neutral  and  one  of  the  lines,  and  the  wattmeter  the  powe 
in  one  of  the  three  phases  of  the  motor.  Therefore,  the  total  power  taken  by  the  mote 
will  be  three  times  the  wattmeter  readings.  By  this  method,  just  as  accurate  result 
can  be  obtained  as  with  the  two  wattmeter  method.  The  power  factor  will  be  the  tndi 
cated  watts  divided  by  the  product  of  the  indicated  amperes  and  volts. 


joined  in  scries  with  the  fine  wire  coil.  This  resistance  is  usually 
about  100  ohms  per  volt  capacity  of  the  meter,  and  is  compose* 
of  fine  silk  covered  copper  wire  wound  non-inductively  on  ; 
wooden  spool. 

In  the  operation  of  an  instrument,  if  the  pointer  when  de 
fleeted  do  not  readily  come  to  a  position  of  rest  owing  t 
friction  in  the  moving  parts,  it  may  be  aided  in  this  respect  b; 
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gently  tapping  the  case  of  the  instrument  with  the  hand;  this 
will  often  enable  the  obstruction,  if  not  of  a  serious  nature,  to 
be  overcome  and  an  accurate  reading  to  be  obtained. 

Ques.   Describe  a  two  scale  voltmeter. 

Ans.    In  this  type  of  instrument,  one  scale  is  for  low  voltage 


THREE.  PHASE  MOTOR 
DRIVEN  ABOVE  SYNCHRO- 
NISE AND  OPERATING  A$ 
AN  ALTERNATOR 


2.886. — Temperature  test  of  a  large  three  phase  induction  motor.  Temperature  tests  are 
usually  made  on  small  induction  motors  by  belting  the  motor  to  a  generator  and  loading 
the  generator  with  a  lamp  bank  or  resistance  until  the  motor  input  is  equal  to  the  full  load. 
If.  however,  the  motor  oe  of  considerable  sisc,  such  that  the  cost  of  power  !>«•<<  >mes 
a  considerable  item  in  the  cost  of  testing,  the  method  here  shown  may  be  employed. 
For  this  purpose,  however,  two  motors,  preferably  of  the  same  sire  and  type,  .»re  required. 
One  is  driven  as  a  motor  and  runs  slightly  below  synchronism,  due  to  its  slip  when  operating 
with  load.  This  motor  is  belted  to  a  second  machine.  If  the  pullev  f  >f  thi  d  machine 

be  smaller  than  the  pulley  of  the  first  machine,  the  second  machine  will  then  operate 
as  an  induction  generator,  and  will  return  to  the  line  as  much  power  as  the  first  motor 
draws  from  the  line,  less  the  losses  of  the  second  machine.  By  properly  sell  the 
ratio  of  pulleys,  the  first  machine  can  be  caused  to  draw  futl  load  cun  !  full  load 

energy  from  the  line.   In  this  way,  the  total  energy  consumed  is  equivalent  to  the  total  of 
the  losses  of  both  machines,  which  is  approximately  twice  the  losses  of  a  single  mai  hme. 
The  figure  shows  the  connection  of  the  wattmeters,  without  ncc«  ss  try  switches,  (<>r  t ■■.»<! 
ing  the  total  energy  by  two  wattmeter  method.    Detailed  connet  *  the  wattmeter  is 

shown  in  fig.  2,883.   It  is  usual,  in  miking  temperature  tests,  to  i:  at  or  more  ther- 

mometers m  what  is  supposed  to  be  the  hottest  part  of  the  winding!  one  on  the  surface 
of  the  laminae  and  one  in  the  air  duct  between  the  iron  laminar.  The  test  should  be 
continued  until  the  difference  in  temperature  between  any  part  of  the  motor  and  the  air 
reaches  a  steady  value.  The  motor  should  then  l>e  stopped  and  the  U  mperature  of  the 
armature  also  measured.  For  the  method  of  testing  wound  armature  type  indi 
motors  of  very  large  size,  sec  fig.  2,890.  For  the  approved  way  of  taking  temperature 
readings  and  interpreting  results,  see  the  "Standardisation  Rules  of  the  A.  L  E,  E." 
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readings  and  the  other  for  high  voltage  readings;  on  these 

scales  the  values  of  the  graduations  for  low  voltages  are  usually 
marked  with  red  figures,  while  those  for  high  voltages  are  marked 
with  black  figures.  A  voltmeter  carrying  two  scales  must  also 
contain  two  resistances  in  place  of  one;  a  terminal  from  each 
of  these  coils  must  be  connected  with  a  separate  binding  post, 
but  the  remaining  terminal  of  each  resistance  is  joined  to  a  wire 

1 


EXCITCR  UNC 


AOJUiTABLL 
RESroTANtX 


J 

AMMETER 


THREE  FHAoE 
\  ALTERNATOR 


VOLTMETER 


VOLTMETER 


VOLTMETER 


Fig.  -  Alt.-n-.ator  excitation  or  manm-tizution  cun-e  test.    The  object  of  this 

•  1.  n  !  -;m:.<.  ihr  i  iia.':,.v:  <  an:.atmv  v<  ilta^e  due  to  the  variation  of  the  ikdd  current 

v.  :.,  i,  iiv  ,  v'(  .r,  ,\  ,  :-Vi]it  i:,  k'-;c  i;|>i-::.  As  he  re  shown ,  the  field  circuit  is  connect*  i  with 
.v-,  .l:  i  ami  a  !  •  a --t  a '  •!.  •  i  <'^i  s'.unr  in  scries  with  a  direct  current  source  of  supply. 
Tht-  ;ui-v.  'a!.;.,  r,  c      v  ..rir.l,  ar.d  rfaihnj^s  of  the  voltmeter  across  the  armature. 


■  i .  .  i  rv 


r-i  >  ■<  t  Tlu-  sptvd  of  the  generator  must  he  kept  constant. 

,;•)» .  I         h  i ;  K:vcn  on  the  naiiK"  plate.    The  excitation  or  rx 

tion  curve  of  the  machine  is  obta a  -1  1  y  p!-ttin«  the  current  and  the  voltage. 


which  connects  through  the  fine  wire  coil  with  the  third  binding 
post  of  the  meter.  The  two  first  mentioned  binding  posts  are 
usually  mounted  at  the  left  hand  side  of  the  meter  and  the 
last  mentioned  binding  post  and  key  at  the  right  hand  side. 

The  resistance  corresponding  to  the  high  reading  scale  is  compose*.! 
of  copi>cr  wire  having  the  same  diameter  as  that  constituting  trie 
resistance  for  the  low  reading  scale,  but  as  the  capacity  of  the  former 
scale  is  generally  a  whole  number  of  times  greater  than  that  of  the 
latter  scale,  the  resistances  for  the  two  must  bear  the  same  proportion. 
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Ques,   How  is  a  two  scale  voltmeter  connected? 

Ans.  In  the  connection  of  a  two  scale  voltmeter  in  circuit, 
the  single  binding  post  is  always  employed  regardless  of  which 
cale  is  desired.  If,  then,  the  voltage  be  such  that  it  may  be 
measured  on  the  low  reading  scale,  the  other  binding  post 
employed  is  that  connected  to  the  lower  of  the  two  resistances 


».  2,888. — Three  phase  alternator  synchronous  impedance  test.  In  dcterminm*  the  regu- 
lation of  an  alternator,  it  is  necessary  to  obtain  what  is  called  the  sv«<  hnm-m  v  impedance 
of  the  machine.  To  obtain  tins,  the  livid  is  c< jnc.ected.  as  shown  _  above Volt- 
meters are  removed  and  the  armature  short  circuited  with  the  ammeter*  in  t  ireuit.  The 
field  current  is  then  varied,  the  armature  driven  at  syucho <;u  .us  speed,  ami  the  arma- 
ture current  measured  by  the  ammeters  in  circuit.  The  relation  between  field  and  arma- 
ture amperes  are  then  plotted.  The  combination  of  the  resu'.ts  of  this  test ,  with  those 
obtained  from  the  test  shown  in  fin-  2,>.s7<  are  u^.d  in  the  determination  of  the  regula- 
tion of  an  alternator.  Engineers  ditTer  widely  in  the  applii a'.ion  of  the  above  to  the 
ition  of  regulation,  and  employ  many  empirical  formulae  and  constants  for 
lines  of  design. 


:  shown  m  f"u<. 

load. 


NOTE. — Three  phase  alternator  load  test.     By  means  of  the  comn-cti' 
8,  readings  of  armature  current  and  field  amperes  can  be  obtained  with  any  desired  k 
tm  field  current  can  bo  varied  also  so  as  to  maintain  c  onstant  armature  v«»iUiKe  irrespective 
Hload;  or  the  field  current  may  be  kept  constant  and  the  armature  voltage  allowed  to  vary 
Bthe  load  increases.     The  connectio:is  may  also  be  used  to  make  a  temperature  test  on  the 
Itor  by  loading  it  with  an  artificial  load.    In  some  cases  after  the  alternator  is  installed 
connection  may  be  used  to  make  a  temperature  test,  using  the  actual  commercial  load  the 
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contained  within;  if,  however,  the  pressure  be  higher  than  those 
recorded  on  the  low  reading  scale,  the  binding  post  connected 
to  the  higher  of  the  two  resistances  contained  within  is  used. 

Inasmuch  as  the  capacities  of  the  scales  are  usually  marked  on  or 
near  the  corresponding  binding  posts,  there  will  generally  be  no  difficulty 
in  selecting  the  proper  one  of  the  two  left  hand  binding  posts. 
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?ig.  2,889. — Three  ptase  alternator  or  synchronous  motor  temperature  test.  In  this  test  two 
alternators  or  synchronous  motors  of  same  size  and  type  are  used,  and  are  belted  together, 
one  to  be  driven  as  a  synchronous  motor  and  the  other  as  an  alternator.  The  method 
employed  is  to  synchronize  the  synchronous  motor  with  the  alternator  or  alternators 
on  the  three  phase  circuit,  and  then  connect  to  the  line  by  means  of  a  three  pole  single 
throw  switch.  The  alternator  is  then  similarly  synchronized  with  the  alternator  of  the  three 
phase  circuit  and  thrown  onto  the  line.  By  varying  the  field  of  the  alternator  it  can  be 
made  to  carry  approximately  full  load,  and  the  motor  will  then  be  also  approximately 
fully  loaded.  The  usual  method  is  to  have  the  motor  carry  slightly  in  excess  of  full  load, 
and  the  alternator  slightly  less  than  full  load.  Under  these  conditions  the  motor  will 
run  a  little  warmer  than  it  should  with  normal  load,  while  the  alternator  will  run  slightly 
cooler.  Temperature  measurements  are  made  in  the  same  way  as  discussed  under  three 
phase  motors.  The  necessary  ammeters,  voltmeters  and  wattmeters  for  adjusting  the 
loads  on  the  motors  and  generator  are  shown  in  above  figure.  If  pulleys  be  of  sufficient 
size  to  transmit  the  full  load,  with,  say  one  per  cent,  slip,  the  pulley  on  the  motor  should 
be  one  per  cent.  Larger  in  diameter  than  the  pulley  on  the  alternator,  so  as  to  enable  the 
alternator  to  remain  in  synchronism  and  at  the  same  time  deliver  power  to  the  circuit. 
With  very  large  machines  under  test,  it  is  inadvisable  to  use  the  above  method  as  it  is 
sometimes  difficult  to  so  adjust  the  pulleys  and  belt  tension  that  the  belt  slip  will  be 
just  right  to  make  up  for  the  difference  in  diameter  of  the  pulleys,  and  very  violent  nap- 
ping of  the  belt  results.  To  meet  such  cases,  various  other  methods  have  been  devised. 
One  which  gives  consistent  results  is  shown  in  fig.  2.S90. 
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Ques.  How  is  a  two  scale  voltmeter  connected  when 
the  binding  posts  are  not  marked? 

Ans.  If  only  an  approximate  idea  is  possessed  of  the  voltage 
to  be  measured,  it  is  always  advisable  to  connect  to  the  binding 
post  corresponding  to  the  high  reading  scale  of  the  meter  in 
order  to  determine  if  the  measurement  may  not  be  made  safely 
and  more  accurately  on  the  low  reading  scale.  In  any  case, 
some  knowledge  must  be  had  of  the  voltage  at  hand,  else  the 
high  reading  portion  of  the  instrument  may  be  endangered. 


Hi.  2390. — Three  phase  alternator  or  synchronous  motor  temperature  test.  Supply  the  field 
with  normal  field  current.  The  armature  is  connected  in  open  delta  as  illustrated,  and 
full  load  current  sent  through  it  from  an  external  source  of  direct  current,  care  being 
taken  to  ground  one  terminal  of  the  dynamo  so  as  t>j  avoid  (Linger  of  shock  due  to  the 
voltage  on  the  armature  winding.  The  field  is  then  driven  at  synchronous  speed.  If 
the  armature  be  designed  to  be  connected  star  for  2.3(H)  volts,  the  voltage  generated  in 
each  leg  of  the  delta  will  be  1*310  volts,  and  unless  one  leg  of  the  dynamo  were  grounded, 
the  tester  might  receive  a  severe  ih  k  by  coming  in  contact  with  the  direct  current 
circuit.  The  insulation  of  the  dynamo  would  also  be  subjected  to  abnormal  strain  unless 
one  terminal  were  grounded.  By  the  above  method  the  field  is  subjected  to  its  full  copper 
loss  and  the  armature  to  full  copper  loss  and  core  loss.  Temperature  readings  are  taken 
as  per  standardization  rules  of  the  A.  I.  B.  E.  This  method  may  also  be  used  with 
satisfactory  results  on  large  three  phase  motors  of  the  wound  rotor  type.  >  If  the  alter- 
nator pressure  be  above  000  volts,  a  pressure  transformer  should  bo  used  in  connection 
with  the  voltmeter. 

Too  much  care  cannot  be  taken  to  observe  these  precautions  whenever 
the  voltmeter  is  used,  for  the  burning  out  or  charring  of  the  insulation 
either  in  the  fine  wire  coil  or  in  the  high  resistance  of  the  meter  by 
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excessive  current,  is  one  of  the  most  serious  accidents  that  can  befall  the 
instrument. 

If  a  voltmeter  has  been  subjected  to  a  voltage  higher  than  that  for  which 
it  was  designed,  yet  not  sufficiently  high  to  injure  the  insulation,  but  high 
enough  to  cause  the  pointer  to  pass  rapidly  over  the  entire  scale,  damage 
has  been  done  in  another  way.  The  pointer  being  forced  against  the  side  of 
the  case  in  this  manner,  bends  it  more  or  less  and  so  introduces  an  error  in 
the  readings  that  are  afterward  taken. 

The  same  damage  will  be  done  if  the  meter  be  connected  in  circuit  n 
that  the  current  does  not  pass  through  it  in  the  proper  direction,  although 
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Pig.  2. ROI. — Direct  motor  or  dynamo  magnetization  test.  The  object  of  this  test  is  to  de- 
termine the  variation  of  armature  voltage  without  load,  with  the  current  flowing  throtyp 
the  field  circuit.  The  armature  should  be  driven  at  normal  speed.  The  adjustment 
resistance  in  the  field  circuit  is  varied  and  the  voltage  across  the  armature  measured. 
The  curve  obtained  by  plotting  these  two  figures  is  usually  called  magnetization  currc 
of  the  dynamo.  It  is  usual  to  start  with  the  higher  resistance  in  the  field  circuit  so  that 
very  small  current  flows,  gradually  increasing  this  current  by  cutting  out  the  field  re- 
sistant e.  When  the  highest  no  load  voltage  required  is  reached,  the  field  current  is  then 
diminished,  and  what  is  called  the  descending  (as  opposed  to  the  ascending)  magneti- 
zation curves  are  obtained.  The  difference  in  the  two  curves  is  due  to  the  lag  of  the 
mastication  behind  the  magnetizing  current,  and  is  caused  by  the  hysteresis  of  Lho 
iron  of  the  armature  core. 

in  this  case  the  pointer  is  not  liable  to  be  bent  so  much  as  when  it  is  forced 
to  the  opposite  side  of  the  meter  by  an  abnormal  current,  since  then  it  has 
gained  considerable  momentum  which  causes  a  severer  impact.  The  extent 
of  the  damage  may  be  ascertained  by  noting  how  far  away  from  the  zero 
mark  the  pointer  lies  when  no  current  is  passing  through  the  instrument. 
If  this  distance  be  more  than  two-tenths  of  a  division,  the  metal  case  enclos- 
ing the  working  part  should  be  removed  and  the  pointer  straightened  by  the 
\U  use  of  a  pair  of  pinchers. 
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Ques. 
of  instruments? 

Ans.    If  they  be  placed  near  conductors  carrying  large 
rents,  the  magnetic  field  developed  thereby  will  produce  a  ch 
in  the  magnetism  of  the  instruments  and  so  introduce  an  error 
in  the  readings. 
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PiG,  2.892. — Shunt  dynamo,  external  characteristic  test.  The  external  characteristic  of  a 
shunt  dynamo  is  a  curve  showing  the  relation  between  the  current  and  voltage  of  the 
external  circuit-  This  is  obtained  by  the  connection  as  here  shown.  The  shunt  field 
U  so  adjusted  that  the  machine  gives  normal  voltage  whrn  the  external  circuit  is  open. 
The  field  current  is  then  maintained  constant  and  the  external  current  varied  by  vary- 
ing the  resistance  in  the  circuit.  By  plotting  voltage  along  the  vertical,  against  the  corre- 
sponding amperes  represented  along  the  horizontal,  the  externa]  charactenstic  is  obtained. 


Ques.    How  should  portable  instruments  be  wired? 

Ans.  The  wires  must  be  firmly  secured  to  the  supports  on 
which  they  rest,  so  as  to  reduce  the  possibility  of  their  being 
pulled  by  accident,  and  so  causing  the  instruments  to  fall. 

A  fall  or  a  rou^h  haii'llin^  i  >f  the  meter  at.  once  shows  its  effect  on  the 
readings,  for  :«.s  much  harm  is  tJurie  as  would  result  from  a  similar  treat- 
ment o£  a  watch.  Digitized  by  Google 
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The  hardened  steel  pivots  used  in  all  high  grade  voltmeters  are  ground 
and  polished  with  extreme  care  so  as  to  secure  and  maintain  a  high 
degree  of  sensitiveness.  The  jewels  on  which  the  moving  parts  revolve 
arc  of  sapphire,  and  they  too  must  necessarily  oe  made  with  skill  and 
carefulness;  if,  therefore,  the  jewels  become  cracked  and  the  pivots 
dulled  by  careless  handling,  the  meter  at  once  becomes  useless  as  a  meas- 
uring instrument. 

Ques.   How  should  readings  be  taken? 

Ans.    The  deflections  of  the  pointer  should  be  read  to  tenths 

AMMETF.R 
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Fig.  2.S93.  -Load  and  speed  test  of  direct  current  shunt  motor.  The  object  of  this  test  is 
to  maintain  the  voltage  applied  to  the  motor  constant,  and  to  vary  the  load  by  means 
of  a  brake  and  find  the  corresponding  variation  in  speed  of  the  machine  and  the  current 
drawn  from  the  circuit.  If  the  motor  be  a  constant  speed  motor,  the  field  resistance  is 
maintained  constant.  The  above  indicates  the  method  of  connecting  instruments  for 
the  test  alone;  for  starting  the  machine  the  ordinary  starting  box,  should,  of  course,  be 
inserted. 

of  a  division;    this  can  be  done  with  considerable  accuracy, 
especially  after  a  little  practice. 

For  very  accurate  results,  a  temperature  correction  should  be  applied 
to  compensate  the  effect  which  the  temperature  of  the  atmosphere  has 
upon  the  resistance  of  the  meter  when  measurements  are  heing  taken. 
In  ordinary  station  practice  the  temperature  correction  is  negligible, 

being  for  resistance  corresponding  to  the  high  scale  in  first  class  meters. 
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less  than  one-quarter  of  1  per  cent,  for  a  range  of  35  degrees  above  or 
35  degrees  below  70  degrees  Fahrenheit. 


Ques.  What  attachment  is  sometimes  provided  on 
station  voltmeters  used  for  constant  pressure  service? 

Ans.    A  normal  index. 


FlG.  2,894.— Temperature  test  of  direct  current  motor  or  dynamo;  loading  back  method 
In  making  temperature  tests  on  a  sn.all  dynamo  it  is  usual  to  drive  the  dynamo  with  a 
motor  and  load  the  dynamo  by  means  of  a  lamp  bank  or  resistance,  the  voltage  across 
the  dynamo  being  maintained  constant,  and  the  current  through  the  external  circuit 
adjusted  to  full  load  value.  The  temperatures  are  then  recorded,  and  when  they  reach 
a  constant  value  above  the  temperature  of  the  atmosphere,  the  test  is  discontinued. 
Similarly,  in  making  a  test  on  a  small  motor,  the  motor  is  loaded  with  a  dynamo  and  the 
load  increased  until  the  input  current  reaches  the  normal  full  load  value  of  the  motor, 
test  being  conducted  as  for  a  small  dynamo.  When,  however,  the  apparatus,  either 
>r  or  dynamo,  reaches  a  certain  size,  it  becomes  necessary,  in  order  to  economize 
energy,  to  use  what  is  called  the  loading  back  method,  as  here  illustrated.  The  motor  is 
started  in  the  usual  way,  with  the  dynamo  belted  to  it,  the  circuit  of  the  dynamo  beine 
open.  The  field  of  the  dynamo  is  then  adjusted  so  that  the  dynamo  voltage  is  equal 
to  that  of  the  line.  The  dynamo  is  then  connected  to  the  circuit  and  its  field  resistance 
varied  until  it  carries  normal  full  load  current.  Under  these  conditions,  if  the  motor 
and  dynamo  be  of  the  same  size  and  type,  the  motor  will  carry  slightly  in  excess  of  full 
load,  the  difference  being  approximately  twice  the  losses  of  the  machines.  Under  these 
conditions  the  total  power  drawn  from  the  line  is  equal  to  twice  the  loss  of  either  ma- 


Temperature  readings  are  taken  as  in  other  temperature 
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Ques.  What  precaution  must  be  taken  in  connecting 
station  voltmeters  ? 

Ans.  Care  must  be  taken  to  guard  against  any  short  cir- 
cuiting of  the  voltmeter,  which,  would  mean  a  short  circuiting 
of  the  generator,  and  as  a  result  the  probable  burning  out  of  its 
armature. 

The  high  resistance  of  the  voltmeter  prevents  any  such  occurrence 
when  it  is  connected  in  the  proper  way,  but  should  one  side  of  the  circuit 
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Fig.  2.S9'i. — Compound  dynamo  external  characteristics  test;  adjustable  load.  The  object 
of  this  test  is  to  determine  the  relation  between  armature  voltage  and  armature  current. 
Shunt  fit  Ul  is  adjusted  to  give  normal  secondary  voltage  when  the  external  circuit  is 
open.  The  load  is  then  applied  by  means  of  an  adjustable  resistance  or  lamp  bank,  and 
readings  of  external  voltage  and  current  recorded.  If  the  machine  be  normally  com- 
pounded, the  external  voltage  will  remain  practically  constant  throughout  the  load 
rariK'o-  If  the  machine  be  undor-eomiK>unded,  the  external  voltage  will  drop  with  load, 
while  if  over-compounded,  there  will  be  a  rise  in  voltage  with  increase  in  load. 

be  grounded  to  the  metal  case  or  frame  of  the  meter,  a  careless  handling 
of  the  lead  connected  with  the  other  side  of  the  circuit  would  produce 
f.he  result  just  mentioned. 

Ques.    Why  do  station  voltmeters  indicate  a  voltage 
slightly  lower  than  actually  exists  across  the  leads? 

Ans.    Since  they   are  usually   connected   permanently  in 
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circuit;  a  certain  amount  of  heat  is  developed  in  the  wiring  of  . 
the  instrument. 


Figs.  2.896  and  2,897. — Transformer  core  loss  and  leakage,  or  exciting  current  test.  With  the 
primary  circuit  open,  the  ammeter  indicates  the  exciting  or  no  load  current.  It  should  be 
noted  that  all  instruments  are  inserted  on  the  low  voltage  side,  for  both  safety  of  the  oper- 
ator and  because  the  measurements  are  more  accurate.  The  no  load  primary  current,  ifthe 
ratio  of  transformation  be  10  :  1,  will  be  one-tenth  of  the  measured  secondary  current. 
The  wattmeter  connected,  as  shown,  measures  the  sum  of  the  losses,  in  the  transformer, 
in  the  pressure  coil  of  the  wattmeter,  and  in  the  voltmeter.  On  all  standard  makes  of 
portable  instruments,  the  resistance  of  the  wattmeter  pressure  coil  and  of  the  voltmeter 
is  given,  and  the  loss  in  either  instrument  is  the  square  of  the  voltage  at  its  terminals, 
divided  by  its  resistance.  Subtracting  these  losses  from  the  total  indicated  upon  the 
wattmeter,  gives  the  true  core  or  iron  loss.  It  should  be  noted  that  in  this  diagram  is 
shown  an  auxiliary  transformer  with  a  number  of  taps  for  obtaining  the  exact  rated 
voltage  of  the  transformer  under  test.  In  fig.  2,897  is  shown,  in  general,  the  same  con- 
nections as  in  fig.  2,896,  except  that  the  auto- transformer  has  been  replaced  by  a  resist- 
ance. If  the  line  voltage  available  be  not  much  in  excess  of  the  rated  voltage  of  the 
transformer  under  test,  very  little  error  is  introduced  by  the  use  of  the  resistance  method. 
However,  if  the  difference  be  10  per  cent,  or  more  the  auxiliary  transformer  shown  in 
fig.  2,896  should  be  used.  Measurements  made  under  the  resistance  method  always 
give  lower  results  than  those  obtained  with  the  auxiliary  transformer. 

■  ,  -  *  *  *  Digitized  by  Google 
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The  effect  of  this  heat  increases  the  voltmeter  resistance  and  conse- 
quently reduces  the  current  below  that  which  otherwise  would  pass 
through  the  meter;  since  the  deflections  of  the  pointer  are  governed  by 
the  strength  of  the  current,  station  voltmeters  invariably  indicate  a 
voltage  slightly  lower  than  that  which  actually  exists  across  their  leads. 

H  I  I  I  I  ill  I l-i 
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Fig.  2,898. — Diagram  of  connections  for  calibrating  a  wattmeter.  The  calibration  of  a  portabv 
wattmeter  is  accomplished  with  direct  current  of  constant  value  which  is  passed  through 
the  series  winding  by  connecting  the  source  thereof  with  the  current  terminals.  A  direct 
current  voltage  which  may  be  varied  throughout  the  range  of  the  wattmeter  is  also  applied 
to  the  instrument  between  the  middle  and  right  hand  pressure  terminals  A  and  E  the  wiring 
in  the  meter  between  these  terminals  being  such  that  its  differential  winding  is  then  cut  out 
of  circuit.  The  method  of  procedure  consists  in  comparing  the  deflections  on  the  wattmeter 
at  five  or  six  approximately  equidistant  points  over  its  scale  with  the  corresponding  prod- 
ucts of  volts  and  amperes  used  to  obtain  them.  The  changes  in  the  wattmeter  deflections 
are  effected  by  merely  varying  the  voltage,  t  he  value  of  the  current  being  maintained  con- 
stant at  a  value  which  represents  the  full  current  capacity  of  the  meter. 

NOTE. — Checking  up  of  a  recording  wattmeter.   This  may  conveniently  be  done  by 

noting  the  deflections  at  short  intervals  on  an  ammeter  connected  in  circuit,  and  also  the  readings 
on  the  dial  of  the  recording  wattmeter  during  this  period.    If  this  test  be  continued  for  an 
appreciable  time,  the  product  of  the  pressure  in  volts,  the  current  in  amperes,  and  the  time 
in  hours,  should  equal  the  numl>er  of  watthours  recorded  on  the  counters  of  the  diaL 

NOTE.-— Transformer  testing.  In  the  early  days  of  transformer  building,  before  the  com- 
mercial wattmeter  had  been  perfected,  leakage  or  exciting  current  was  the  criterion  of  good 
design.  After  the  introduction  of  the  wattmeter,  core  loss  t>ecame  the  all  important  factor,  and 
for  a  long  time  the  question  of  leakage  current  was  lost  sight  of.  With  the  introduction 
of  silicon  steel,  leakage  or  exciting  current  again  assumed  prominence.  Keeping  in  mind 
the  fact  that  all  characteristics  of  a  transformer  are  of  more  or  less  importance,  it  is  essen- 
tial that  the  user  of  such  apparatus  have  at  hand  the  necessary  facilities  for  making  te*-ts 
of  all  such  variable  quantities.  The  tests  which  all  users  of  transformers  should  make,  are 
to  in  this  chapter. 


MANAGEMENT 


2,095 


Ques.  Can  direct  current  be  measured  by  an  alter- 
nating current  voltmeter? 

Ans.  Yes. 


Pic.  2,899. — Transformer  copper  loss  by  wattmeter  measurement  and  impedance.  At  first 
glance,  this  method  would  seem  better  than  the  calculation  of  loss  after  measurement 
of  the  resistance.  However,  it  should  be  noted  that  the  Wattmeter  is,  in  itself,  subject 
to  considerable  error  under  the  low  power  factor  that  will  exist  in  this  test.  The  secondary 
of  the  transformer  is  short  circuited,  and  a  voltage  applied  to  the  primary  which  is  just 
sufficient  to  cause  full  load  primary  current.  If  full  current  pass  through  the  primary  of 
the  transformer  with  the  secondary  short  circuited,  the  secondary  will  also  carry  full 
load  current.  With  connections  as  shown,  and  with  the  full  load  current,  the  voltmeter 
indicates  the  impedance  volts  of  the  transformer.  This  divided  by  the  rated  voltage  gives 
what  is  called  the  per  cent,  impedance  of  the  transformer.  In  a  commercial  transformer 
of  5  lew.,  this  should  be  approximately  3  per  cent.  The  iron  loss  of  the  transformer 
under  approximately  3  per  cent,  of  the  normal  voltage  will  be  negligible,  and  the  losses 
measured  will  be  the  sum  of  the  primary  and  secondary  copper  Tosses.  As  in  the  dis- 
cussion of  the  core  loss  measurements,  the  wattmeter  readings  must  be  corrected  for  the 
loss  in  its  pressure  coil,  the  method  of  correction  being  the  same  as  that  discussed  under 
the  core  loss  measurement.  If  the  impedance  volts,  as  measured,  be  divided  by  the  pri- 
mary current,  the  impedance  of  the  transformer  is  obtained.  The  reciprocal  of  this  quan- 
tity is  known  by  the  term  "admittance."  When  two  or  more  transformers  are  connected  in 
parallel  they  divide  the  load  in  proportion  to  their  admittance.  It  is,  therefore,  important 
that  the  users  of  transformers  know  the  impedance  of  the  apparatus  used,  in  order  to 
determine  whether  two  or  more  transformers  will  operate  satisfactorily  in  parallel.  For 
discussion  of  wattmeter  error  on  low  power  factor,  see  note  on  page  2,075.  For  accurate 
measurement  of  impedance,  the  voltmeter  should  be  connected  directly  across  the  ter- 
minals of  the  transformer  rather  than  as  shown  in  the  diagram. 


NOTE. — Transformer  copper  loss  test.  The  usual  and  best  method  of  obtaining  copper 
ts  is  to  separately  measure  the  primary  and  secondary  resistance  and  calculate  from  these 
the  primary  and  secondary  copper  losses.  For  general  diagram  of  connections  and  discussion 
«>f  the  drop  method,  see  fig.  2,8/5.  The  current  should  be  kept  well  within  the  load  current 
of  the  transformer  to  avoid  temperature  rise  during  the  test.  In  other  words,  the  resistance 
of  the  coil  is  the  voltage  across  its  terminals  divided  by  the  current.  The  resistance  of  the 
primary  coil  can  be  measured  similarly.  The  copper  loss  in  watts  in  each  coil  will  then  be  the 
product  of  the  resistance  aad  the  square  of  the  rated  current  for  that  coil.  The  total  copper 
loss  will  be  the  sum. 
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Ques.  What  would  be  the  effect  of  placing  a  direct 
current  voltmeter  across  an  alternating  current  circuit, 
and  why? 

Ans.  There  would  be  no  deflection  of  the  pointer  owing  to 
the  rapid  reversals  of  the  alternating  current. 

Ques.  What  are  the  usual  capacities  of  alternating 
current  voltmeters? 

Ans.    They  are  3,  7.5,  10,  12,  15,  20,  60,  75,  120,  150,  300  and 


VOLTMETER 


NON-INDUCTIVE  LOAt/ 


mr 


PlG.  2,900. — Temperature  test  of  transformer  with  non-inductive  load.  The  figure  shows 
the  simplest  way  of  making  the  test.  Connect  the  primary  of  the  transformer  to  the 
line  as  shown,  and  carry  normal  secondary  load  by  means  of  a  bank  of  lamps  or  other 
suitable  resistance,  until  full  load  secondary  current  is  shown  by  the  ammeter  in  the 
secondary  circuit.  The  transformer  should  then  be  allowed  to  run  at  its  rated  load  for 
the  desired  interval  of  time,  temperature  readings  being  made  of  the  oil  in  its  hottest 
part,  and  also  of  the  surrounding  air.  W  here  temperatures  of  the  coil  rather  than  tem- 
peratures of  the  oil  are  desired,  it  is  necessary  to  use  the  resistance  method.  This  is 
obtained  by  first  carefully  measuring  the  resistance  of  both  primary  and  secondary 
coils  at  the  temperature  of  the  room,  and  then,  after  the  transformer  has  been  under 
heat  test  for  the  desired  time,  disconnect  it  from  the  circuit  and  again  measure  the  re- 
sistance of  primary  and  secondary.  For  proper  method  of  calculating  the  temperature 
rise  from  resistance  measurements,  the  reader  is  referred  to  the  standardization  rules 
of  the  A.  I.  E.  E.  In  making  resistance  measurements  of  large  transformers  by  the 
drop  method  care  should  be  taken  to  allow  both  ammeter  and  voltmeter  indications  to 
settle  down  to  steady  values  before  readings  arc  taken.  This  may  require  several  min- 
utes. Each  time  the  current  is  changed  it  is  necessary  in  order  to  obtain  check  values 
on  resistance  measurements,  to  wait  until  the  current  is  again  settled  to  its  permanent 
value  before  taking  readings.  All  resistance  measurements  must  be  taken  with  great 
care,  as  small  errors  in  the  measurement  of  the  resistance  may  make  very  large  errors 
in  the  determination  of  the  temperature  rise.    The  method  above  described  is  satisfac- 


tory for  small  transformers.  Where  large  units  are  to  be  tested,  the  cost  of  current  for 
testing  becomes  an  important  item.  The  "bucking  test "  as  in  fig.  2.901.  is  more  economical. 

600  volts,  but  these  capacities  may  each  be  increased  by  the 
use  of  a  multiplier. 

Ques.    How  are  station  voltmeters  usually  attached 
to  the  switchboard  ? 

Ans.    They  are  usually  bolted  to  the  switchboard  by  means 
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of  four  iron  supports  mounted  on  the  back  of  the  instr 
two  of  these  are  fastened  near  each  side  of  the  case. 


••••IS* 


it; 


Under  certain  conditions,  however,  as  in  paralleling  of  alternators, 
it  is  convenient  to  have  the  alternating  current  voltmeter  mounted  on 
a  swinging  bracket  at  the  side  of  the  switchboard.  The  voltmeter  may 
then  be  swung  around  in  any  desired  direction  so  as  to  enable  the  at- 
tendant to  keep  informed  of  the  voltage  while  switching  in  each  addi- 
tional alternator. 


HIGH  TENSION 

(XXXXXXXXXXXX) 


Pig.  2,901. — Transformer  temperature  "bucking  test."  For  this  purpose  two  transformers 
of  the  same  sire  and  ratio  are  required.  The  connections  arc  as  shown.  Full  secondary 
voltage  is  applied,  and  rheostats  or  auxiliary  auto-transformers  are  inserted  in  the  circuit 
to  properly  regulate  the  voltage.  The  primaries  are  connected  with  one  bucking  the 
Other,  and  a  voltage  equal  to  twice  the  impedance  voltage  of  either  transformer  inserted 
in  the  primary  circuit.  It  should  be  noted  that  when  the  secondaries  are  subjected  to 
the  full  secondary  voltage,  a  full  primary  voltage  exists  across  either  primary,  but  with 
the  primaries  connected  so  that  the  voltage  of  one  is  bucked  against  the  voltage  of  the 
Other,  the  resultant  voltage  in  the  circuit  will  be  zero.  By  applying  to  the  primary  cir- 
cuit twice  the  impedance  voltage  of  either  transformer,  full  primary  and  secondary'  cur- 
rent will  circulate  through  both  transformers.  (>n  the  other  hand,  by  subjecting  the 
secondaries  to  the  full  secondary  voltage,  the  iron  of  the  transformer  will  be  magnet- 
ised as  under  its  regular  operating  conditions,  and  the  full  iron  loss  of  the  transformer 
introduced.  This  method  permits  the  operation  of  two  transformers  under  temperature  • 
test  with  their  full  losses,  without  taking  energy  from  the  line  equal  to  the  rated  capacity. 
Measurements  of  temperature  are  taken  in  exactly  the  same  way  as  above.  This  method 
is  successfully  employed  for  making  temperature  tests  on  transformers  of  all  sizes 
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Ques.  How  should  an  ammeter  be  operated  to  get 
accurate  readings,  and  why? 

Ans.  It  should  be  cut  out  of  circuit  except  while  taking  a 
reading,  because  of  the  error  introduced  by  the  heating  effect 
of  the  current. 

In  an  ammeter  having  a  capacity  of  50  amperes,  the  error  tnus  intro- 
duced will  be  less  than  1  per  cent,  if  connected  continuously  in  circuit 
wi'h  a  current  not  exceeding  three-quarters  this  capacity. 

An  ammeter  of  100  amperes  capacity  may  be  used  indefinitely  in 
circuit  with  less  than  I  per  cent,  error  up  to  one-half  its  capacity,  and 


Fig.  2,902.; — Transformer  insulation  test.    In  applying  a  10,000  volt  insulation  test  between 
the  primary  and  secondary  of  a  transformer.  the  testing  It  ads  should  be  du connected  f:om 
the  transform  r  under  test,  and  a  spark  gap  introduced  as  shown,  with  the  test  needle  set 
at  a  proper  sparking  distance  for  10,000  volts.    A  high  resistance  should  be  connected  in 
the  secondary  l>efore  closing  its  circuit,  and  the  voltage  gradually  increased  by  cutting 
out  this  secondary  resistance  until  a  spark  jumps  across  the  spark  gap.    When  the  spark 
jumps  across  the  spark  gap,  the  voltmeter  reading  should  be  recorded  and  the  testing 
transformer  disconnected.    The  spark  gap  should  then  be  increased  about  10  per  cent, 
and  the  high  tension  leads  connected  to  the  transformer  under  test  as  indicated  in  the 
diagram.    In  order  to  equalize  the  insulation  strains,  all  primary  leads  should  be  con- 
nected together,  all  secondary  leads  not  only  connected  together,  but  to  the  core  a* 
well.    All  resistance  in  the  rheostat  in  the  low  tension  circuit  should  then  be  inserted  and 
the  switch  closed.    Gradually  cut  out  secondary  resistance  until  the  voltmeter  thaw* 
the  same  voltage  as  was  recorded  previously  when  the  spark  jumped  across  the  gap. 
and  apply  this  voltage  to  the-  transformer  for  one  minute    Insulation  tests  for  a  period 
of  over  one  minute  are  very  unadvisable.  as  transformers  with  excellent  insulation  nuv 
be  seriously  damaged  by  prolonged  insulation  tests.     The  longer  the  strain  to  which 
any  insulation  is  subjected,  the  shorter  the  subsequent  life  of  the  insulation.    Also  the 
greater  the  applied  voltage  above  the  actual  operating  voltage  of  the  apparatus,  thr 
shorter  the  subsequent  life  of  the  insulation.    In  testing  small  transformers,  the  spark 
gap  may  be  omitted  and  the  voltage  of  the  low  pressure  coil  of  the  testing  transformer 
measured.    This  multiplied  by  the  ratio  of  transformation  gives  the  testing  voltage. 
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for  five  minutes  at  three- 
quarters  capacity  with- 
out exceeding  the  1  per 
cent,  limit. 


The  150  scale  ammeter 
may  be  left  in  circuit  for 
an  indefinite  length  of 
time  at  one-third  its  full 
capacity,  and  for  three 
minutes  at  one-half  its 
full  capacity,  with  a  neg- 
ligible error. 


Ammeters  of  200  and 
of  300  ampere  capacities 
must  not  continuously 
carry  more  than  one- 
quarter  of  these  loads 
respectively  if  the  read- 
ings are  to  have  an 
accuracy  within  1  per 
cent,  nor  more  than  one- 
half  these  respective 
number  of  amperes  for 
three  minutes  if  the  same 
degree  of  accuracy  be  de- 
sired. 


In  order  to  cut  or  shunt 
the  ammeter  out  of  cir- 
cuit when  not  in  use,  it 
is  customary  when  wir- 
ing the  instrument  in 
place,  to  introduce  a 
switch  as  a  shunt  across 
it;  this  switch  is  kept 
closed  except  when  a 
measurement  is  being 
taken. 


When  currents  larger 
than  300  amperes  have 
to  be  measured,  ammeter 
shunts    are  generallv 
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employed,  al- 
though ammeters 
up  to  500  amperes 
capacity  are  manu- 
factured. 


Ques.  What 
is  used  in  place 
of  instrument 
shunts  for 
high  pressure 
alternating 
current  meas- 
urements? 

Ans.  Instru- 
ment transform- 
ers. 

Ques.  What 
important  at- 
tention should 
he  periodically 
given  to  meas- 
uring instru- 
ments? 

Ans.  They 
should  be  fre- 
quently tested 
by  comparison 
with  standards 
that  are  known 
to  be  correct 
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Electrical  measuring  instruments,  owing  to  the  nature  of  their  con- 
struction and  the  conditions  under  which  they  must  necessarily  be  used, 
are  subject  to  variations  in  accuracy.  This  feature  is  an  annoying  one 
on  account  of  the  difficulty  of  detecting  it;  a  meter  may,  as  far  as  ap- 
pearances go,  be  in  excellent  working  order  and  yet  give  readings  which 
are  not  to  be  relied  upon. 

Ridiculous  as  it  may  appear,  the  average  station  attendant  may 
frequently  be  seen  straining  his  eyes  to  read  to  tenths  of  a  division  on 
the  scale  of  a  meter  which,  if  subjected  to  test,  would  show  an  inaccuracy 
of  over  2  per  cent. 

In  testing  a  meter,  by  comparing  it  with  a  standard,  in  order  to 
obtain  the  best  results  there  should  be  one  man  at  each  meter  so  that 
simultaneous  readings  may  be  taken  on  both  instruments,  and  the  man 
at  the  standard  meter  should  maintain  the  voltage  constant  while  a 


Pig.  2.005. — Transformer  insulation  resistance  test.  The  insulation,  besides  being  able  to 
resist  puncture,  due  to  increased  voltage,  must  also  have  sufficient  resistance  to  prevent 
any  appreciable  amount  of  current  flowing  between  primary  and  secondary  coils.  It  is, 
therefore,  sometimes  important  that  the  insulation  resistance  between  primary  and  sec- 
ondary be  measured.  1  his  can  be  done,  as  here  shown.  Great  care  should  be  taken  to 
have  all  wires  thoroughly  insulated  from  the  ground,  and  to  have  an  .ammeter  placed  as 
near  as  possible  to  the  terminals  of  the  transformer  under  test,  in  order  that  current  leaking 
irom  one  side  of  the  line  to  the  other,  external  to  the  transformer,  may  not  be  measured. 
Great  care  is  required  in  making  this  measurement,  in  order  to  obtain  consistent  results. 


reading  is  being  tf ken,  by  means  of  a  rheostat  in  the  field  circuit  of  the 
generator  supplying  the  current. 

Each  'meter  should  be  checked  or  calibrated  at  five  or  six  approxi- 
mately equidistant  points  over  its  scale;  the  adjustable  resistance 
being  varied  each  time  to  give  a  deflection  on  the  standard  meter  of  an 
even  number  of  divisions  and  the  deflection  on  the  other  meter  recorded 
at  whatever  it  may  be.  Having  obtained  the  necessary  readings,  the 
calculation  of  the  constant  or  multiplying  factor  of  the  meter  under- 
going test  is  next  in  order. 

This  may  best  be  shown  by  taking  an  actual  case  in  which  a  150  scale 
voltmeter  is  l>eing  tested  to  determine  its  accuracy.  The  data  and 
calculations  are  as  follows: 
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Readings  on 

i  ■          ■  ■ 

Readings  on 

Constant 

standard  meter 

meter  tested 

1.7) 

140.2 

150  +  149.2-1.005 

12o 

lJo.O 

\Zo  -r  12o.O  =  1  .0<M) 

KM) 

98.9 

100  +  98.9-1.011 

75 

73.6 

75+  73.6-1.019 

50 

50.0 

50+  60.0-1.000 

25 

24.8 

25+  24.8-1.008 

6.043 

Average  constant  for  six  readings,  6.043 -i- 6— 1.007. 


Fig.  2,906. — Transformer  winding  or  ratio  test.  The  object  of  this  test  is  to  check  the  ratio 
between  the  primary  and  the  secondary  windings.  For  this  purpose  a  transformer  of 
known  ratio  is  used  as  a  standard.  Connect  the  transformer  under  test  with  a  standard 
transformer  as  shown.  Leave  switch  Ss  open.  With  the  single  pole  double  throw  switch 
in  position  SiB,  the  voltmeter  is  thrown  across  the  terminals  of  the  standard  transformer. 
With  the  switch  in  position  SiA,  the  voltmeter  is  thrown  across  the  terminals  of  the  trans- 
former under  test.  The  voltmeter  should  be  read  with  the  switch  in  each  position-  If 
the  winding  rutio  be  the  same  as  that  of  the  standard  transformer,  the  two  voltmeter 
readings  will  be  identical. 


It  may  be  stated  in  general  that-  before  taking  the  readings  for  this 
test,  the  zero  position  of  the  pointer  on  the  meter  tested  shoula  be  noted, 
and  if  it  be  more  than  two-tenths  of  a  division  off  the  zero  mark,  the 
case  of  the  meter  should  be  removed  and  the  j  ointer  straightened. 

Furthermore,  it  will  be  noticed  from  the  readings  here  recorded  that 
the  test  is  started  at  the  high  reading  end  of  the  scale;  this  is  done  in 
order  that  the  pointer  may  gradually  be  brought  up  to  this  spot,  by 
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slowly  cutting  out  of  circuit  the  adjustable  resistance,  and  thus  show 
whether  or  not  the  pointer  has  a  tendency  to  stick  at  any  part  of  the 
scale.  If  the  meter  seem  to  be  defective  in  this  respect,  it  should  be  rem- 
edied either  by  bending  the  pointer  or  scale,  or  by  renewing  one  or  both 
of  the  jewels,  before  the  comparison  with  the  standard  is  commenced. 

It  is  obvious  from  the  readings  recorded  for  the  150  scale  voltmeter, 
that  as  compared  with  the  corresponding  deflections  of  the  standard, 
the  former  are  a  trifle  low. 

In  order  to  determine  for  each  observation  how  much  too  low  they 
are,  it  is  necessary  to  divide  each  reading  on  the  standard  by  the  cor- 
responding reading  on  the  meter  tested.  The  result  is  the  amount  by 
which  a  deflection  of  this  size  on  the  meter  tested  must  be  multiplied 
in  order  to  obtain  the  exact  reading.  This  multiplier  is  called  a  con- 
stant, and  as  shown,  a  constant  is  determined  for  each  of  the  s*x 
observations. 

The  average  constant  for  the  six  readings  is  then  found,  and  this  is 
taken  as  the  constant  for  the  meter  as  a  whole;  that  is,  whenever  this 
150  scale  voltmeter  is  used,  each  reading  taken  thereon  must  be  mul- 
tiplied by  1.007  in  order  to  correct  for  its  inaccuracy. 

The  most  convenient  and  systematic  way  of  registering  the  constant 
of  a  meter  is  to  write  it,  together  with  the  number  of  the  meter  and  the 
date  of  its  calibration,  in  ink  on  a  cardboard  tag  and  loop  the  same 
by  means  of  a  string  to  the  handle  or  some  other  convenient  part  of  the 


NOTE.— Transformer  polarity  teat.  A  test  of  importance  in  the  manufacture  of  trans- 
ormers,  and  sometimes  necessary  for  the  user,  is  the  so  called  banking  or  pciarily  test.  The 
ransformers  from  any  particular  manufacturer  have  the  leads  brought  out  in  such  a  manner 
hat  a  transformer  of  any  size  can  be  connected  to  primary  and  secondary  lines  in  a  given 
»rder  without  danger  of  blowing  the  fuses  due  to  incorrect  connections.  All  manufacturers 
if  transformers,  however,  do  not  bank  transformers  in  the  same  way,  so  that  it  is  neees- 
ary  in  placing  transformers  of  different  makes  to  test  for  polarity.  This  is  done  as  shown 
n  fig.  2,000.  One  transformer  is  selected  as  a  standard  ana  the  leads  of  the  second  trans- 
ormer  connected  as  indicated  in  the  diagram.  If  the  transformers  be  1,100-2,200  volts  to 
10-220,  two  110  volt  lamps  are  connected  in  the  secondaries  of  the  transformers  as  indicated, 
rhije  the  primary  of  the  transformer  is  connected  across  the  line.  In  transformers  built  for 
wo  primary  and  two  secondary  voltages,  it  is  necessary  to  test  each  primary  and  each  secondary. 
the  diagram  shows  the  method  of  connecting  one  2.200  volt  coil  and  one  110  volt  coil  to  the 
ransformcr  to  be  tested.  When  the  primary  circuit  of  the  transformer  under  test  is  closed, 
.nd  if  the  secondary  leads  of  the  110  volt  coil  under  test  be  brought  out  of  the  case  properly, 
"he  two  110  volt  lamps  should  be  brightly  illuminated.  If,  on  the  other  hand,  the  two  110 
volt  terminals  have  been  reversed,  no  current  will  flow  through  the  lamps.  If  these  two 
crminals  be  found  to  be  brought  out  correctly,  transfer  the  secondary  leads  of  the  transformer 
;nder  test  to  the  second  110  volt  coil.  Upon  closing  the  primary  circuit,  the  lamp  should 
gain  be  brightly  illuminated.  Repeat  this  process  with  each  of  the  secondary  coils  and  the 
■ther  primary  coil,  and  if  the  lamps  show  up  brightly  in  every  case  on  clostng  the  primary 
ircuit.  all  leads  have  been  properly  brought  out.  If  on  any  tests  the  lamps  do  not  light  up 
mghtly,  the  leads  on  the  transformer  must  be  so  changed  as  to  produce  the  proper  ban1-' 
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Que8.  What  are  the  usual  remedies  applied  to  a  volt- 
meter to  correct  a  3  or  4  per  cent,  error? 

Ans.  They  consist  of  straightening  the  pointer,  varying  the 
tension  of  the  spiral  springs,  renewing  the  jewels  in  the  bearings, 
altering  the  value  of  the  high  resistance,  and,  in  the  case  of 
a  direct  current  instrument,  strengthening  the  permanent 
magnet. 

Ques.   How  is  the  permanent  magnet  strengthened? 

Ans.  After  detaching  it  from  the  instrument,  wrap  around 
several  turns  of  insulated  wire,  and  pass  through  this  wire  for 
a  short  time  3  or  4  amperes  of  direct  current  in  such  a  direction 
as  to  reinforce  the  magnet  magnetism. 

Ques.  How  may  the  value  of  the  high  resistance  of  a 
voltmeter  be  altered  ? 

Ans.  Determine  the  resistance  of  the  voltmeter  and  add 
or  subtract,  according  as  the  reading  is  high  or  low,  a  certain 
length  of  wire  whose  resistance  is  in  per  cent,  of  the  voltmeter 
resistance  the  same  as  the  per  cent,  of  error. 


NOTE. — The  complete  calibration  of  a  two  scale  voltmeter  does  not,  as  might  be  sup- 
posed, necessitate  that  the  readings  on  both  scales  be  checked  with  standards,  for  since  the 
resistance  worresponding  to  the  one  scale  is  always  some  multiple  of  the  resistance  of  the  other, 
the  constants  of  the  two  scales  are  proportional.  For  instance,  if  S  =the  reading  at  the  end  of 
the  hi«h  scale  of  the  voltmeter;  Sl  =  the  reading  at  the  end  of  the  low  scale  of  the  voltmeter; 
K  =thc  resistance  in  the  meter  corresponding  to  the  high  scale;  R  =»  the  resistance  in  the  meter 
corresponding  to  the  low  scale;  K**the  constant  for  the  high  scale,  and  Kl  «thc  constant  for 
the  low  scale.  Then 

SK+R-S^+R1 

from  which 

K»=SKR+SiR 

That  is  to  say,  if  the  respective  resistances  corresponding  to  the  two  scales  be  known,  and 
the  constant  o(  the  high  scale  be  determined  by  comparison  with  a  standard,  then  by  aid  of 
these  known  values  and  the  maximum  readings  on  the  two  scales,  the  constant  of  the  low 
scale  may  be  calculated.  It  is  also  possible  to  calculate  the  constant  of  the  high  scale  if  the 
constant  of  the  low  scale  be  known,  together  with  the  values  of  the  resistances  correspondirir 
to  the  two  scales;  for  from  the  equation  previously  given. 

K-RS>K«+R*8 
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Ques.  What  is  a  frequent  cause  of  error  in  an  alter- 
nating current  meter,  and  why? 

Ans.  The  deterioration  of  its  insulation,  which  permits  the 
working  parts  of  the  instrument  coming  in  contact  with  the 
surrounding  metal  case. 

A  convenient  method  of  testing  for  deterioration  of  insulation  is 
shown  in  fig.  2,905. 


SIX-PHASE  DIAMETRICAL  SIX- PHASE  DOUBLE  DELTA 


Fig.  2,907. — Diagrams  showing  various  synchronous  converter  transiormer  connections. 
The  diametrical  connection  is  used  most  frequently  as  it  requires  only  one  secondary 
coil  on  each  transformer,  this  being  connected  to  diametrically  opposite  points  on  the 
armature  winding.  The  middle  points  can  be  connected  together  and  a  neutral  obtained 
the  unbalanced  three  wire  direct  current  having  no  distorting  effect.  With  diametrical 
secondaries,  the  primaries  should  preferably  be  connected  delta,  except  with  regulating 
pole  converters  where  they  must  be  connected  Y.  Diametrical  secondaries  with  delta 
primaries  should  not  be  used  with  regulating  pole  converters.  Double  star  connection 
of  secondaries  may.  however,  be  used  with  delta  primaries,  and  is  free  from  the  trouble  of 
the  triple  harmonic  of  the  transformer  appearing  in  the  primary.  In  this  case,  however, 
the  two  secondary  neutrals  must  not  be  connected  with  each  other. 

How  to  Test  Generators. — In  the  operation  of  electrical 
stations,  many  problems  dealing  with  the  generators  installed 
therein  can  be  readily  solved  by  the  aid  of  characteristic  curves, 
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?ig.  2.908. — General  form  of  characteristic  curves  for  a  scries  dynamo.  The  general  carve 
that  may  be  expected  is  OA.  It  is  obtained  practically  in  the  same  manner  as  for  the  »»» 
characteristic  curve,  except  that  no  field  rheostat  is  employed.  Commencing  with  noloiQ 
or  amperes,  there  will  probably  be  a  small  deflection  noticeable  on  the  voltmeter,  due  totae 
residual  magnetism.  The  other  readings  are  taken  with  successive  reductions  of  main  car- 
rent  resistance.  The  curve  OA  thus  obtained  for  a  certain  series  generator  is  practically 
a  straight  line  at  the  beginning,  representing  thereby  a  proportional  increase  of 
with  increase  of  current,  but  after  a  certain  current  is  reached  (about  20  amperes  ta  tfl» 
case)  the  curve  flattens  and  takes  a  downward  direction.  The  turning  point  occurs  ny* 
characteristic  curves  of  all  series  generators,  and  it  denotes  the  stage  at  which  the  in* 
magnet  cores  become  so  saturated  with  lines  of  magnetic  force  that  they  will  not  r**d% 
allow  more  to  pass  through  them;  this  turning  point  is  technically  known  as  the  point  w 
saturation,  ana  the  current  corresponding  (20  amperes  in  this  case)  is  called  the  critic*} 
current  of  the  dynamo.  The  point  of  saturation  in  any  given  series  machine  is  gottn>« 
by  the  amount  of  iron  in  the  magnetic  circuit;  its  position  in  the  curve  therefore  vn« 
according  to  the  design  of  the  generator  as  does  also  the  critical  current.  The  vah*  <* 
the  latter  ia  important  inasmuch  as  the  valuable  features  erf  a 
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which  bear  a  relation  to  the  generators  similarly  as  do  indicator 
diagrams  to  steam  engines. 

In  steam  engineering,  a  man  who  did  not  fully  understand 
the  method  of  taking  an  indicator  diagram  would  be  considered 
not  in  touch  with  his  profession,  and  in  electrical  engineering 
the  same  would  be  true  of  one  ignorant  of  the  method  of  ob- 
taining characteristic  curves. 

The  necessary  arrangement  or  connection  of  the  generator  from  which 
it  is  desired  to  obtain  a  characteristic  curve,  consists  in  providing  a 
constant  motive  power  so  that  the  machine  may  be  run  at  a  uniform 
speed,  and  when  the  field  magnets  of  the  generator  are  separately 
excited  the  field  current  from  the  outside  source  must  also  be  maintained 
constant,  preferably  by  a  rheostat  connected  in  the  field  of  the  auxiliary 
exciting  machine.  It  is  also  necessary  in  every  case  that  means  be  pro- 
vided tor  varying  the  main  current  of  the  generator  step  by  step  from 
zero  to  maximum.  This  may  best  be  done  by  employing  a  water  rheostat, 
as  shown  in  fig.  2,909. 

Ques.  What  instruments  are  needed  in  making  a  test 
of  dynamo  characteristics? 

Ans.  A  voltmeter,  ammeter,  speed  indicator,  the  usual 
switches  and  rheostats. 

Ques.   How  is  the  apparatus  connected? 

Ans.    It  is  connected  as  shown  in  fig.  2,910. 
Ques.    Describe  the  test. 

Ans.  Having  completed  the  preliminaries  as  in  fig.  2,910, 
the  test  should  be  started  with  the  main  circuit  of  the  generator 

Pic.  2.908.— Text  continued. 

selves  only  when  the  machine  is  supplying  a  greater  number  of  amperes  than  that  of  the 
critical  current,  for  if  the  series  generator  be  worked  along  that  part  M  A  of  the  curve  to 
the  right  of  the  point  of  saturation  it  becomes  nearly  self-regulating  as  regards  current, 
because  as  the  current  increases  the  voltage  drops.  In  the  diagram  in  addition  to  the  charac- 
teristic curve  O  A,  which  may  more  definitely  be  called  an  external  characteristic  curve 
on  account  of  representing  the  conditions  external  to  the  generator,  there  is  shown  a  total 
characteristic  curve,  O  CB.  The  latter  curve  represents  the  relation  between  the  current 
and  the  total  voltage  developed  in  the  armature,  and  may  be  plotted  from  the  external 
characteristic  curve  if  the  resistance  of  the  armature  between  brushes  and  the  resistance 
of  the  series  field  winding  be  known.  For  example,  assume  these  combined  resistances 
amount  to  .6  ohm.  At  30  amperes  there  would  be  required  30X.6  ■  18  volts  to  force  this 
current  through  the  armature  and  field  windings.  At  30  amperes  the  external  pressure  if 
65  volts,  as  shown  by  the  curve  O  A ;  the  total  voltage  developed  for  30  amperes  is,  there- 
fore, the  external  voltage  plus  the  internal  voltage  or  65  + 18  «83  volts.  Plotting  83  volts 
for  30  amperes  will  give  one  point  for  the  external  characteristic  curve  of  this  machine,  and 
by  determining  in  like  manner  the  total  voltages  developed  for  six  or  eight  different  cur- 
rents over  the  scale.  Gui£cient  data  will  be  at  ii*»xid  for  ulottinji  and  drawing  in  the  curve  OCB. 
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open.  Then,  in  the  ease  of  the  shunt  machine,  the  speed  shouid 
be  made  normal  and  the  field  rheostat  adjusted  until  the  volt- 
meter reading  indicates  the  rated  voltage  of  the  machine  at  no 
load  and  readings  taken.  The  electrodes  of  the  water  rheostat 
should  be  adjusted  for  maximum  resistance  and  main  circuit 
closed,  and  a  second  set  of  readings  taken.    Several  sets  of 


PlG.  2,909 —Water  rheostat.  It  consists  essentially  of  a  tank  of  suitable  size  containing  salt 
water  into  which  are  placed  two  electrodes  having  means  of  adjustment  of  the  distance 
separating  them.  The  solution  depends  on  the  voltage.  Pure  water  is  seldom  used  for 
pressures  under  1,000  volts.  The  size  of  the  tank  is  determined  by  the  sire  of  the  electrodes, 
and  roughly  the  size  of  the  latter  equal  the  number  of  amperes.  With  a  current  density 
of  one  ampere  per  square  inch,  a  water  solution  gives  a  drop  of  2,500  to  3,000  volts  per  men 
distance  between  the  plates.  Where  high  voltage  is  us  1.  the  water  must  be  circulated 
through  and  from  the  tank  by  rubber  hose  allowing  for  2.500  volts,  a  length  of  15  to  20  feet 
of  1  inch  hose  to  prevent  grounding.  In  place  of  the  arrangement  shown  above,  a  barrel 
may  be  used  for  the  tank,  and  for  the  electrodes,  coils  of  galvanized  iron  wire.  This  is  the 
simplest  form  and  is  satisfactory. 


readings  are  taken,  with  successive  reductions  of  water  rheostat 
resistance.  The  results  are  then  plotted  on  coordinate  paper 
giving  the  characteristic  curve  shown  in  fig.  2,908. 

Ques.  What  does  the  characteristic  curve  (fig.  2,911) 
show? 

^ns.    Ad  examination  of  the  curve  shows  that  the  highest 
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point  of  the  curve  occurs  at  no  load  or  0  amperes;  that  as  the 
current  is  increased,  the  voltage  drops,  first  slightly  to  the  point 
B  and  then  rapidly  until  the  point  E  is  reached,  when  any  further 
lowering  of  resistance  in  the  main  circuit  to  increase  the  current 
causes  not  only  a  rapid  decline  in  the  voltage  but  also  of  the 
current  until  both  voltage  and  current  become  approximately 
zero. 


FIELD  RHEOSTAT 


WATER  RHEOSTAT 


FlG.  2.910. — Connections  for  test  of  dynamo.  During  the  test,  one  man  should  be  assigned 
to  the  tachometer,  another  man  to  the  water  rheostat,  and  there  should  preferably  be  one 
man  at  each  of  the  electrical  measuring  instruments.  In  order  to  enable  the  man  at  the 
tachometer  to  krep  the  sp  ed  constant,  he  should  be  in  communication  either  directly  or 
indirectly  with  the  source  of  the  driving  power,  and  the  man  at  the  water  rheostat  should 
be  in  plain  view  of  the  man  reading  the  ammeter  so  that  the  latter  party  may  signal  him 
for  the  proper  adjustment  of  the  rheostat  in  order  that  the  desired  increase  of  current  be 
obtained  for  each  set  of  readings. 

In  some  generators,  a  very  slight  current  results  even  when  the  ter- 
minals of  the  machine  are  actually  short  circuited;  that  is,  due  to  residual 
magnetism  in  the  pole  pieces,  the  lower  portion  of  the  curve  often 
terminates,  not  exactly  at  zero,  but  at  a  point  some  distance  along  the 
current  line. 
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The  working  portion  of  the  curve  is  from  A  to  C,  at  which  time  the 
machine  is  supplying  a  fairly  constant  voltage.  From  C  to  E  shows  a 
Critical  condition  of  affairs,  while  the  straight  portion  D  O  represents 
the  unstable  part  of  the  curve  caused  by  the  field  current  being  below 
its  proper  value. 

The  position  of  the  point  C  determines  the  maximum  power  the 
machine  is  capable  of  developing,  being  in  this  case  (47.5  X25)  746  - 
1.59  horse  power. 

Ques.  How  may  the  commercial  efficiency  of  a  gen- 
erator be  determined  ? 

Ans.  To  obtain  the  commercial  efficiency,  the  input  and 
output  must  be  found  for  different  loads. 

The  input  may  be  found  by  running  the  generator  as  a  motor  at  its 
rated  speed,  loading  it  by  means  of  a  Prony  brake.  The  generator  must 
be  stripped  of  all  belting  or  other  mechanical  connections,  supplied  with 
its  normal  voltage  and  lull  load  current,  and  the  pressure  of  the  Prony 
brake  upon  its  armature  shaft  or  pulley  adjusted  until  the  rated  speed 
of  the  armature  is  obtained.  The  data  thus  obtained  is  substituted 
in  the  formula 

input  in  brake  horse  power  «■  — ^  |)O0  '  (1) 

in  which 

L  =  length  of  Prony  brake  lever; 
W  =  pounds  pull  at  end  of  lever; 
R  =  revolutions  per  minute. 

The  output  or  electrical  horse  power  for  the  same  load  is  easily  cal- 
culated from  the  formula 

output  in  electrical  horse  power     arnPerc^X  vo  ts    ^      ^  ^ 

After  obtaining  value  for  (1)  and  (2)  the  commercial  efficiency  for 
the  load  taken  is  obtained  from  the  formula 

commercial  efficiency     ^aput^    •      •      .      •  (3) 

Having  obtained  the  commercial  efficiency,  the  difference 
between  the  ideal  100  per  cent,  and  the  efficiency  found  will  be 
due  to  certain  losses  in  the  generator.  These  losses  may  be 
classified  as 

1.  Mechanical' 

2.  Electrical. 
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The  mechanical  losses  are  the  friction  of  the  bearings  and  brushes, 
and  air  friction.  The  electrical  losses  consist  of  the  eddy  current  loss, 
hysteresis  loss,  armature  resistance  loss,  and  field  resistance  loss. 

In  testing  for  these  losses,  the  generator  to  be  tested  should  be  belted 
to  a  calibrated  motor  which  latter  machine  should  preferably  be  of  the 
constant  pressure,  shunt  wound  type. 

The  friction  of  the  bearings  ana  belt  of  the  generator  are  determined 
together  by  raising  the  brushes  off  its  commutator  and  running  it  at 
the  rated  speed  by  means  of  the  calibrated  motor. 


Pic.  2.911. — Characteristic  curve  of  shunt  dynamo.  Suppose  in  making  the  test,  the  deflec- 
tions on  the  meters  for  the  first  readings  be  63  volts  and  0  amperes,  the  plotting  of  these 
values  will  give  the  first  point  on  the  curve.  Similarly,  the  second  readings  with  main  cir- 
cuit closed  and  maximum  resistance  in  the  water  rheostat  may  be  assumed  to  be  62.5  volts 
and  7.5  amperes,  which  plotted  gives  the  second  point  B.  A  still  further  lowering  of  the 
plate  will  permit  a  stronger  current  in  the  main  circuit,  and  the  value  of  this  together  with 
its  corresponding  voltage  will  give  a  third  point  for  the  curve.  Neither  for  this  reading, 
however,  nor  for  the  following  readings  of  the  test  should  the  field  rheostat  be  altered. 
When  six  or  eight  points  ranging  from  zero  to  a  maximum  current  have  been  obtained  and 
plotted,  a  curved  line  should  be  drawn  through  them  such  as  shown  through  ABCDEFGO, 
the  characteristic  curve  of  the  dynamo.  While  the  curve  may  be  sketched  in  free  hand,  it 
should  preferably  be  drawn  by  the  aid  of  French  curves.  In  case  the  French  curve  cannot 
be  exactly  made  to  coincide  with  all  the  points  as  for  instance  C  and  D,  it  should  be  run  in 
between  giving  an  average  result,  and  smoothing  out  irregularities,  or  small  errors  due  to 
the  "personal  equation."  The  meter  of  course  must  be  correct  or  calibrated  and  the  read- 
ings corrected  by  the  calibration  coefficient. 

The  amount  of  power  as  ascertained  from  the  calibration  curve  of  the 
motor  for  the  voltage  and  current  used  therein  when  driving  the  gen- 
erator as  just  explained,  is  a  measure  of  these  two  losses.  The  power 
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thus  used  is  practically  constant  at  all  loads  and  is  about  2  per  cent,  of 
that  necessary  to  drive  the  generator  at  full  load. 

I  26,  ,  ,  ,  ,  .  


AMPERES 


FlC  2,912. — Characteristic  curves  for  a  compound  dynamo.  If  the  machine  be  over  com- 
pounded, the  characteristic  curve  has  the  form  of  the  curve  A  B,  which  curve  was  obtained 
from  a  machine  overcompounded  from  1 18  to  123  volts,  and  designed  to  give  203  amperes 
at  full  load.  The  preliminary  arrangements  for  testing  a  compound  dynamo  are  similar 
to  those  for  a  shunt  generator,  and  it  the  shunt  across  the  series  field  winding  be  already 
made  up  and  in  position,  the  readings  are  taken  precisely  in  the  same  manner.  It  is 
generally  considered  sufficient  if  observations  be  recorded  at  zero.  M,  H.  M  an<i  full  load.  If 
it  be  desired  to  ascertain  the  effect  which  residual  magnetism  has  upon  the  field  magnets 
the  current  is  decreased  after  the  full  load  point  is  reached  without  opening  the  circuit,  and 
readings  are  taken  in  succession  at  U T and  zero  load  giving  in  this  case  the  curve  BCD 
E  S.  It  is  thus  seen  that  residual  magnetism  exerts  no  small  effect  upon  the  voltage  ob- 
tained at  the  different  loads,  for  had  there  been  no  residual  magnetism  in  the  field  magnets 
the  curve  B  C  D  E  S  would  have  coincided  with  the  curve  A  B.  The  curve  A  B,  and  the 
straight  line  A  X  drawn  through  the  points  A  and  B,  are  almost  identical,  and  as  A  X  repre- 
sents the  theoretical  characteristic  curve  for  the  machine,  it  is  seen  that  compounding  is 
practically  perfect.  In  order  to  insure  such  accurate  results  being  obtained,  providing  the 
machinery  be  correctly  designed,  requires  considerable  care  in  taking  the  readings;  for 
example,  each  ster>  or  load  on  the  ascending  curve  should  not  be  exceeded  before  the 
corresponding  deflection  is  taken,  else  the  residual  magnetism  will  cause  the  pressure 
reading  to  be  higher  than  it  actually  should  be,  and  the  following  pressure  readings  will 
also  be  affected  in  the  same  manner.  In  case  the  shunt  to  be  employed  across  the  series 
field  has  not  been  made  up,  it  is  advisable  to  perform  a  trial  test  before  taking  the  read- 
ings for  the  curve  as  previously  described.  The  trial  test  consists  in  taking  two  readings. 
— one  at  no  load  and  the  other  at  full  load,  the  shunt  being  so  adjusted  as  to  length  and 
section  that  the  desired  amount  of  compounding  will  be  obtained  in  the  latter  reading 
with  normal  voltage  at  no  load.  If  the  first  trial  fail  to  produce  the  desired  result  bv 
giving  too  low  a  voltage  at  full  load,  the  length  of  the  shunt  across  the  series  field  should  be 
increased,  or  its  section  should  be  reduced  by  employing  a  less  number  of  strips  in  its 
makeup;  again,  if  the  voltage  at  full  load  be  higher  than  that  desired,  there  must  be  made 
a  decrease  in  length  or  an  increase  of  section  in  the  shunt  employed. 
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The  friction  of  the  brushes  can  very  conveniently  be  determined  next 
by  lowering  them  on  the  commutator  and  giving  them  the  proper  tension. 

The  increase  in  power  resulting  from  the  greater  current  that  will 
now  be  taken  by  the  motor  to  run  the  dynamo  at  its  rated  speed,  will 
be  a  measure  of  this  loss.  In  general,  its  value  will  be  about  .5  per  cent, 
of  the  total  power  required  to  drive  the  dynamo  at  full  load,  and  this 
also  will  remain  constant  at  all  loads. 

The  friction  of  the  air  upon  the  moving  armature  of  the  dynamo 
cannot  be  determined  experimentally,  but  theoretically  this  loss  is 
small  and  may  be  estimated  as  .5  per  cent. ;  it  is  also  constant  at  all  loads. 

The  core  loss  may  be  determined  experimentally  by  exciting  the  field 
magnets  of  the  dynamo  with  the  normal  full  load  field  current  through 
the  magnet  coils,  and  noting  the  increase  of  power  required  by  the 
motor  to  maintain  the  rated  speed  of  the  dynamo  thus  excited  under 
no  load,  over  that  necessary  under  the  same  conditions  with  no  field 
excitation.  This  increase  of  power  will  bo  the  value  of  the  core  loss. 
The  core  loss  is  approximately  3  per  cent,  of  the  power  required  to  operate 
the  dynamo  at  full  load,  and  it  is  constant  at  varying  loads.  If  it  be 
desired  to  divide  the  core  loss  into  its  component  parts,  it  is  necessary 
also  to  run  the  dynamo  under  the  same  conditions  as  before  with 
field  excitation  but  at  half  its  rated  speed.   If,  then, 

H  =  the  power  lost  in  hysteresis  at  rated  speed, 

E  =  the  power  lost  in  eddy  currents  at  rated  speed, 

T  ■■  the  power  lost  in  hysteresis  and  eddy  currents  at  rated  speed, 

S=*the  power  lost  in  hysteresis  and  eddy  currents  at  half  speed, 

there  may  be  formed  the  two  following  equations: 

T-H  +  E,  andS=3-+-|» 

from  which  the  elimination  of  H  will  give  E  —  2T — 4S. 

The  value  of  the  eddy  current  loss  thus  found  will  be  about  1%  per 
cent.,  and  constant  at  all  loads. 

Having  previously  ascertained  the  power  lost  in  both  eddy  currents 
and  hysteresis,  and  knowing  now  the  j>ower  lost  in  eddy  currents  alone, 
it  is  easy  to  find  that  lost  in  hysteresis  by  simply  subtracting  the  latter 
known  value  from  the  former.  The  value  of  the  hysteresis  loss  is  there- 
fore approximately  V/i  per  cent.,  and  it  is  constant  at  different  loads. 

There  yet  remains  to  be  determined  the  armature  resistance  loss 
and  the  field  resistance  loss.  As  for  the  calibrated  motor,  this  may  be 
disconnected  from  the  dynamo,  as  it  need  not  be  used  further  in  the  test. 

The  armature  resistance  is  the  resistance  of  the  armature  winding  of 
the  dynamo,  between  the  commutator  bars  upon  which  press  the 
positive  and  negative  brushes.   Assume  that  the  value  of  the  armature 
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resistance  be  known,  call  this  value  R  ohms,  together  with  that  of  the 
full  load  armature  current,  which  is  also  known  and  which  call  I  amperes, 
this  is  sufficient  data  for  calculating  the  armature  resistance  loss  at  full 
load.  It  is  evident  that  to  force  the  full  load  current  I  through  the 
armature  resistance  R  will  require  a  pressure  of  R  volts,  and  that  the 
watts  lost  in  doing  so  will  be  the  voltage  multiplied  by  the  current. 
The  armature  resistance  is  consequently 

I  R  X  I  =  V  R  watts 

or,  expressed  in  horse  power  it  is 

P  R  746 

At  full  load  it  is  usually  about  2  per  cent,  of  the  total  power  required 
to  drive  the  generator  fully  loaded.  The  armature  resistance  loss  varies 
in  proportion  to  the  load,  in  fact,  as  the  last  expression  shows,  it  increases 
as  the  square  of  the  armature  current. 

The  field  resistance  loss  is  calculated  in  the  same  manner  as  just 
explained  for  the  armature  resistance  loss,  it  being  equal  in  horse  power 
to  the  square  of  the  full  load  field  current  multiplied  by  the  resistance 
of  the  field  winding  and  divided  by  746.  In  a  shunt  dynamo  it  is  prac- 
tically constant  at  2  per  cent,  of  the  total  power  at  full  load,  but  in  a 
series  or  in  a  compound  generator  it  will  vary  in  proportion  to  the  load. 
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